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<? i - .^11 ti a i 1,1 
f i i l t i « %o t t r t U t mat lb« «l»Mftftl |»« 
• f HMl t i t f aaai 9ft 3o«aaft»a» of Cftsttftf* liiiiib ! • 
k«l«C Mtott%«4 %f NT* aifllift^iiift ift pftTtifta. f l iU l lMf t t 
f»r Hi* fti«r4 9f lii« 4^fr«« of ll*39« (SafiaMriftf) l a 
H««hftiiitfti SttfflMdrlftf ( iftiastriftJL 8ftiri«Mrl«i tmA Mmigu } 
i t raoori of bofwfiti vdrk tarrloA out hf tola «fti«r M r 
fiiliftttM aaa ttifafirlsioftt fo ^ « ^ a t of oar kftoiEUiia 
aai Mllaff . t^ ia aattar aifeoiiai la « i la tiaaortatiaa 
Has i^l ^ o a liiteaitia^ olatwitara far ^ a aaari af aoy 
ottior Aofroo or itfa^ottif 
( %% EaaoaittUaH ) 
iioatarart 
vmm% iaijr« oopartaaat* 
( Mi tftiia Abtoaa ) 
Laa^rart 
Naibfr iatir* Sapartaoalt 
Bata4i t Hart 1980 A«H«U«» Al.i«aiii* 
LAAAJUL^. ^ 1 % ^% 1.1 1 
I t woaia bo poiid«rou8 %0 matl^Q tn@ iavalaablc 
h«IPtAesl8tatiQ« ana fuiaanee fir* li« .miiodiiillah (Lao«iir«r, 
^•oiiftaiofil In^im^rinff a[«i»nrt«9Bt} haa axt^ndttd td M in 
th ta work, aosplta o£ h ie bagf sotisdalQ* io h«%s kHi«a »lQ{Mir« 
mthsfltoal and i^aififttalclfit in haadlio^ trit vapK* 
m» M* Vasts 4b::'&8 ( 4<«ctar@rt Mt^aaiaaX iafio*** 
riHF flepartffittit ) w^ So-napunrieor aitc^rves a AiatLairttlabad 
liote of tfmitica for hoipio^ ad oat ta Ui9 odsplotiaa mni 
gKibaiasioa of tagr dies^rtat ioo* 
War© tfanaks ®r® ia® %t> ?9aada«:y aliop ataff 
nonborot who not only oxtaaded i^r&otloal hsXp la earr:yiaii 
out tha tlaa s tui loe bat toleratoa tmti^ of w^ avlftaat 
aoeaatr lel t ioa a t t i aaa daring ^ o Goatm of tbia work* 
-S'-lk. -^  •'' ^  -^  ^ <^ del-
May» 1980 ( Si*«&SU99IM ) 
a, ,# ,a, I. A A ,.8.,.i 
of »oalditiir sand ott ^ « •»iaaii«s& 9£ oftstioirs A9P*r»tit^ 
tiivoivtst raqalr«d asastdora^* a£f»rt«# Ih is i s 4ii« «• 
aiffiOttXtl»s la sftiatfiiaiai' a l s i l a r l t f in ^ « laborstocy 
t9B% t|>«oiMfi coadiUone aaa 1^9 aotaal taaXA ooodlHoRs* 
l a ^ « pmstat if&x% ao atlti«9t f^ti> )»••• M^t to 
•atntii la tho • iv lXar i ty la tti« iatoratory toot eooiitiooof 
ood tho aoftiift}, aifttli 6oo4itld3o bf x^Miiaff both l a ^ o 
aaao hmriaooOf Qao o^ra a i f f i ^ l . ^ o^aoo iato piotaro tivo 
harftoooo of r^msiair i s fouad %» tEo Vfirylai^ at i i f f o r o a l 
potato whoa ^aod rasoiair isi^rftmoam ^ o voriat loa tiao 
foaaa to bo to a raad»a saaaor m tiint hardaooo of raaatOf 
of aoiiXd foUowa o t a t i e t i e ^ lawot tai» vnriattoa to foaad 
ta foUoD ft oorwO. Ia,^« moroforo awaa valao of tiardaoao 
of ramiiaff tmo etaaidorodt aad ^ o toot o^oiaoaa voro 
raoBoft to til to valtto and for vartoao sototato ooatoatot 
irrooa porMoaHXttf # frooo o^i^roaotoa atroairHi* a«d Mt—m 
ibar otrooftli voro dotor9ta«d«r 
Xa ^ 0 f i r s t piiaao of ^ t o wofli ttio offoot of 
•aXIioi? ttao oa varioao ^ f e i o s l proporttoo of iMaXdtaii 
oaad vttti tbo variat ioa to eio^ eoatoat aad mia taro 
ooatoat to saata atvor ^t l tea Saad has iMoa atadtod and 
toat rdoalta havo booa rsfortod ta Ohaptor I I * fiio offoot 
of hardaoso i f vas? ra«»t«i oa pd^atoaX froparttoa has 
aloo booa ropartod ia ^ o oaso skimpUrw 
h i t t a l l e i ataly »f Ito© ©fftel 9f yari0»» 
oa the aaatimr ai«footii«^ aeuadfisss of 8f.a$t«ir i« ft««rlba««d 
t9 aa^iaaidal 9r»P«icti«ttt i'>l@ tias b^mn «ttiii«4 Ii«dpiiif all. 
pro9«rtU8 9f maXaiii^ Bind sa t«Q8il« «tr«&(|tli, s r i M l l 
liardMts iiti«b«r and eastlftf d«iigi^ • • a 9X*«tet«r«l«ai alii«ial 
A Qmum mM «ff«#t tyf« rtialtdtflbif baa l>a«a4«f«lo^i 
tiatftf ttiiitijptJU raiiMaaldtt aoalysltt X« tha pmaatt attaly 
tiia offset ar« taicaft td M ttia atrllwtaa of eaatia#pa* 
I%aaa utribntaa me% eaatia.*! ^aada^ta parawtarat fba 
iadiap^sittiit fturial^ Xaa wai^ cdalil h9 treatai aa eaiiaaa 
far tha aaatia^r aoaodttvaa ^araaetara ara takaa as piif sloaX 
propartUa of sdiiiaiaff aa«a# OsvaXopiair relatioa^ilp 
batvaao aaimidaot variabiaa iaiitridualXjr « i ^ laiapaadoat 
trariabXaa Itirmtuli wXtlpXa ra^s^oaioa toeaaiqaa mm A* 
attaapt haa b^aa m^im to aavuXopa a S^flaita satbOMitloal 
rdXatioa^ijp kMitvaaa 7&rl3ad parmfliiatara • 
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CrlWrioa of soaadiMias 
Defaots in enstinfB ana tfioir 
?afil art j|gft,aliag %uum n* ••^ f^ . 
Ssiidtflefttioa ciiaraetarstioa 
af aatal bata^ eaat* 
Pouriap Taaparatara . .^ l* . 
Dtaijia of eaatiefa 
Dsaiffa of satiai s^ataei 
Jf foot of MouXd HalariaXa 
Sf foot of Fro^artiaa of 
MoalAiair aaaA Ooaatltaaata 
Mottldlair iimai Goaclltioaa 
Pour lap faaj^rmtara 
Deai^ a of i^tlara for faat 
spaalaaaa 
4#t«6 OaatlBj? MalNiriaL .•••8^».«.« 
4«2 ]x3»rl«8i^tal, StudUa . . • • ^ ^ • . • . , 
1* study of the off dot of Moisture 
ooatent on 9a»tiais»t Sdundneae 
paraoNilera* • •..U 
2« Stady 9f the i f feet of Sireea 
peroeablllty on oaatiag asuuliaaa 
paraite te ra« • • * •'•^  • • • • • 
3« stady of ^ e iffeot ef areea tlardaeaa 
Mo« OB eaatl!ig soundosda i>ara3etera» ••••vT".. . . . 
4* Study of the Jffeot of ^reeo coapreaaloa 
Str&CF '^ oc oaatit*^ eoaaduaes 
p&ra«etera*. 
§• Study of tine i f fee t of taterrelatioa^ii^a 
of eaatinif aottadseaa paraaotera* ••••i4.**«« 
4«? DeveXojpveat ef G&iise &&d ^^ffeot type 
reXattoanlitfa throii/oih ffiiXtisae aeffreealea 
aQaXjpaiSf 
Coaelttfliea* • • • • t ^ S . . . , 
liefreneeQ* ••••l^}«««« 
8a»at a saitabl* bdadlof •aUriaX* aod e^rtaiQ aftaitii^s 
09«blii«4 wilfo tffiUr* m«r« ap« fsur rdc|iif«iMitts of « 
f994l «»taiatfti ittfiA* m«M ar« t 
<i* I t mat bt tiifiily r*fft«t9ry In 3rd«r to vl^ttaaf l 
th« hiifli t«»9«r»tar«s of th« saXtoa sotal* 
b* I t wist iMi mifftoioatl? ec^esif* so tliat I t wiJLL 
rotaltt ft fivttt #sa9« wlioa sx^ okod into a »oa3.A* 
0* I t fttst bo porttdAblo so us td elloif ^atrappod iroooo 
to 9«oai^« 
i« I t ottot ooXlapM 09 ao t» poralt tho »ataX to #irlfi4 
aftor oolUtCj^tOft 
3ofraotoritt»so io proYldod by tho aaa4i» Bo«a 
io prevltoA ^ ooiotiirod el4iy» afti poraoabiXit^ io a 
euttotioo of tiio aaaa parti elo oifO eliur ooaloot aad 
aaiotavo Qdotoot* laeroaaiai oX^ o^atoat and Aooroaao 
in partiolo oioo aoeroaooo tho poraoabiXity* Hiaa i t io 
QOMoi^ry t9 pfotriSo aad oaiataia a propor mXatioaiiiip 
botvooo fraio oisOf oXa^ r oofttootf soiotttfo ooatoot aai 
9r^oie oat tor i« orAor to bavo a satiofaotory ooabiaatiaa 
off atd itooaXXy a eoaproaioo aoofti* otroQ|itb» rofraotori* 
aooof porooabiXityy aai odXXapoibiXity* sodS aooXiiag 
oaai QoraaXXy otidaXA ooataio 3*14 porooat oXoy aai roqiiiiro 
4«>3 porooot aoiotoro aa io oitoft hi u.^*s« ( i )« fho ^ao 
of ^ 0 oaod partioXoo io iaportast* for saaXX oaotiofo^ 
Is |< airrnbX** 'or larr^ar oaettfi^ft I t is aX»98l ••©•Qttftl. 
t9 aat a saai 9f a»arB«r frain ia dr i t r I t 9r»vid« ^ « 
fr«a%«r ptrwiability required t3 v»at II19 Xari?«r aaoant 
9i mmt vhioh ar« pi^ oda««i tii«a m^ a^ttldA ax« 9»tir«A* 
In •»•% OHMS « proper rasf* o£ irimla • !»«• ! • a«»lc«bl«« 
Oastlie^ is ii»«ald9 Mti* ^ a ^ 9f lfti« aaiiaX tmmiL 
•tmiaiag prde««M«t i n pr«elie«i wiHi alu ilaitia al loy•• 
9rtaQ a'^ nd adttliiai with oaairtQtidiifiX s^aiaiair aqai^Mat 
i t aatd %9 $r9^t9v axtaatt althoai^ irs-^mn^ adtiXia af« 
praforftti liiara lar^a or iairiomtd work is iniroivad* 
Both oaturaX and ^ra^atlo sstaila of th9 typaa 
ara aaiiXofad ia f}p*9m aaaS aoaXiiaif for aXtii^iaiaa oaatiaga* 
'^ Hiamar a oatiiraX or aro^atio mm io aaadt fooi aai^ 
oooiitioaitii l a roqairai* Sxoaa@iva aoiatttrat Xai^at aXaf 
t^ LXXa or oHiar aaltar aajf oattaa aorioaa nation dafaala« 
ttaaatioa of tba aoXtaa aataX wit]^ axoaaa aoiatara ia tba 
mad aai raaitXt ia raaatioa poroaHyt a oooasatratioa of 
«MiXX i^arieaX fo&da oaaaXXf Jiiat aadar tha eaatiftf aicla* 
CXay ImXXa i t ttia aaad say aiipXoda i&aa o^varod by aoXtaa 
aataX aad oaiiaa pita or OMXX bXova* >^avara foaaratloa of 
ataaa v i ^ i a tba aoaXdt togatiiar ^m tarNULaat aataX fXow 
mf raauXt ia axtraM gaa porosity* 
I»aak of aotaX aoaadaaaa ift a aaatiof ia oaa 
raaaoa for Xoiior thaa optima iwohaaioaX propartiaa* Hio 
foaadryaaot toy aaiat a aaffiaioat AMabar of foaadry 
taabai^Hoa anoli fta irfttiaff» rtaariaff oHiXXa* paddiafft aal 
«ia b« lasda finoh «atti«ir aa4 l o s s @98U#» 
sod Is 9roA«o»A vitli hlili08t oaslilii^ iflaldr ^9 y l d l i &• 
i t f lwid as tbs .^esc' ratio sf tiss vsiia^t of ths flftlrtisi 
prodaot t» tlis wsii^t sf ^ s fm^r^i castinf * Mstadlar;?* 
la«ai^ IttportaQl propsrtiss 9f flQiit)94 oastisirs sotiXf ^ 












Csetia^ att^lty ispsadts oa ms s^Uws bsiat 
sbt»las(l la sas »r asrs or tiXX of ^sss profsrtiss sat 
vsrlsttoas fro* tbs ofttasa srs r^latsd iirsotXjr to soas 
nspsets of astsXs or aoald s^airsoar saA laairsetlf ts 
tlis aaasross frosssa irsrtsiilss« h gooi surfsos f ta l i i i i s 
sa iap^rtsat fsat or wiHi ttis ssstia^s yropir asaA t 
profsr rssaiat of ssad ia s asalif 9ropsr aouli hsrtassst 
fOO< aotfidiag bojBOs asod sad ^ropsr tsapsf^tiirs of astsX 
sia< food tssaiai of astal v i ^ sai^rs ti»st «ss osstiana 
srs frss fro* sarfsss slofoots* 
Th9 praatat wsrk UBXB vltih studlif of «tf«9%a 
•ftfti i?r99«rti«s 9tt tli9 sauQiiidfte 9f oafilioir* I t 
iQOl)ia«» i#v«l.dpMat of •ttf«ri0aa. r^latloaaiii^s for 
soaadMsa witb varldua mn$. faramtorat by aaltlpiia 
rafraaaiaa aa&Ljrsis« 
fa ataAy %lia wiaaaoaae » 9f aaatiaifat taaailo 
alraagtb of oaatia^at Jirtaall haraa^aa aaalMr and 
oaatiaf aanailjr iiava baaa mttmn aa aoaadaaaa ^faaalara 
aa tha aaatlai; iaaaltf takae eaaa of iat«raaX dafaata 
aa^ aa blov iiolaat piftiaolaa at««t f^nA tattail* atraa^tti 
BriEf^ail, harSi^aa t&ieea oara df aoaadaaaa vltb 
aatallarirtaaX poiat of viawy ea<^ i ae nolforttity ia 
atraatafv ate* 
Ilia aaat l i f f to ia t Job ia eorra3.atlair tba 
aouaiaaaa of oaatiaira w i ^ Hia aoaXdiair ^ad i^ro^r* 
tlaa la «fta dlffi«a3.ty i« taaialaiaiag atai larl ly ta 
laia aoali eoailtlOMa aod XaHoratofy taat aoadltiaaa* 
TItia aaana to h% Hia aala r#aaoa Xor Xa«lc of aaen l i t a -
ratara la thia dtraotiaa t 
la thia vork aa attaapt haa baaa mm^ to 
•aiataia Hia aiaiXarity Ift taat ooadltioaa aad aealA 
eoaiitioaa b$ ramiag ^ a taal afaoiaaa aa wolX aa tii* 
BoaXa to taia aaao harAiMaat ifariatioa af UsalXa 
atrani^ttiy Briiiall harAaaaa niiiibar aad aaatiag iaaaity 
• f aXa«iiU.a« taat a^^etyaaa vitli tha «ari*tioa of 
•oiataro eoatantf parMiablUtjff ooa^raaaloa atraaiitiit 
aftaar atirottff^t t>iiXic aaaaiti^ on ^o oaattair aoaadeaaa 
liaa baaa ataiiad* 
Hoiaaiag Mais «9ftsi«t» of aiXlmi irp«t«« h«Xi 
toir«tti#r by 99m bd«ai«ir sftt«riaX» naaiaiy tfUy ar 
ifttttralljr i»9fti«4 Mais ara id'taros 9f s i l i M aai 
«aJ^ r at %a]K«a tvca ^a t&tat Msaitioatioa aajr ba aaaaaaafy 
fa frattiM a aatlafaalsfy aixtara^ mia t^ ypa at aaai ia 
aaai la ftaf Iraftt aallaaiila iraa aai aaa*faraaa faaaity 
Caxaaft aairaaala«)» 
^attiatlaaUf baaiai aaafta ara pradaaaA liy 
aai^iataf alay^fraa aUiaa a aaiMI wttiii aJLay or aaatoaitat 
fbaao aaaia aaa ba aoa^ oaaftaft ta aait fsaaiai ra««lra»aata< 
fhay ara aota aaifora Iftiaa aalaraliy baaaaA aaaia bat 
ra^atra vara aarafal. aixlaf aiMl aoatrol* slaal faaatriaa 
aaa tbia ^jpa of aaai* 
Moalilag aaeia ara aataaUf atxtaraa of teraa ar 
•ora tairraiiaata* A graaa aaai a^ia^a aoatalaa alay aai 
nalar aa nail aa Hia prlanAjaJli aaai aaaalltaaatt aiXicaQ 
oxiia f SIOi • Tbaao ^raa odaatita^ata proviia Hia balk 
aai ylaatiattf r«%alrti of Hia aoaliiag saai# A aaalMr of 
aHiar aalanala « 9 ba yraaaat or aay ba a i ^ i ta Ilia aaai 
to aiiiaaia aartala of taa »ro9tr«laat bat ftrat aaaalAava* 
tloa aaat ba glfaa ta Ilia tinraa baaia iafvaiiaata* 
Wmm of itia iiffViilMta aa« iuit« i«»artaat affaata 
at tlia frofartlaa* i t aaa aaa af «b« 9riMl9al> lagfiiilaata 
o 
Ott««lAf mvtmf f t « l i i i f m\a^ 9«nNifti>Ui^» w M 
Zt I t tsA^liiita bf m« willi»ir I * l^t« work ttiftt tu t t M « « 
9tfM«bl2.i|y Atti iiv««i • l r«ft i i i i ittlla««««< iqr tut •«•# 
OftttTttr 0a«A« v i m ff<tiil«r v » l i «NiLM Imt* 
M i #t f««t 9ft 9«»Mf tb lU^» A mnA Wttll ftftip fiftSft ftiM A 
v t i « raftit •< 9ftrtlftlL« tAm v O I liav* U « fwyatftHUily «b«ft 
o i i^AMi «fim ta t i f «bft «MM «v«i!«»ft fittcss te« teviftg i t l f 
»«• « t i t Af ft fftv ftlsftft »f fftfftlftft prtftftftt* It ft ftftaXftlftf 
fft«4 tft tiftlftftiftfttfti ir l«i fttfft ^ 8 i »f ffftfttftr fiftftftftftftt «ift 
9«r« f t« i iU I | ftii ^ ftftriottftli ].t«ftrft«# otiiftr »r9fftr«Uft 
ftfft • • Mfftftitftt ftft tftfti •fpftltt d l f t t r l N t i i f t tiiftt ttiift 
tftfttftr Hftft rftftftlvfti ftiita ftttftfttioft* Aoftor«i«fr t t D l f tUr t (1 ) 
tlift fttftl ftraftftkXft iftftift ftfw titftftft hmHim ti»ft ftftrrtvftfti 
diftlriWtlftft Vftftgftt i*ft* t l * t ^t •f ^ fttftfft ftftftift ftfti 
ftltt iMfi f t i ft ftlftlftttft fiftft flft^HftX ftioh ftft ftUt ftr ftUf 
9fftift««» f f t r M f l i a i l y Ift ftXftft iHrftMtfti I f Iftft ra«ftift« lyfft 
i f ftftfti ffftlftftf 
I t Ift obfttrffti H « M ftft^ftv Ift lOilft W9fk «lift$ 
«lift «fftift ftlftft ilfttorlkfttlftft iiftft ft protMftftftti ftffftftt »« fffftftft 
Bi« mtr9%gi&t of ttsuXdian •and ! • gTBrniUs 
«tf«U{tbl« for b0adlai;« ? t ^ mn&m premnt mpv mrtm99 
arom and oao a«v«l09 ^li^ etr@ft.«llit ^9t af e0»rM atr* 
0lajr i s r«qttlr«dlii sisw ai8tribtitl:a al»d lafluaaM ^ i » 
fuetor fdr tli« mwm raatoft* '«lia0 aiat iisirib.ition 
tmw9^v strsQirthfl idiils narrow aistributi^as raiaas 
straairth* ^airaiar mM fralae i^ raa^ ta irraatar atraagfb 
thaa do roaadad graiaa ia aouXdiag saaist 
^afraetoriaaaat hi^aat fiaaisa poiat^ 
t& ba 9t>taioad ia tifm mM graiaa of aaxiana ^ari^ and 
•iaa* '^&^%d aad driadf ^it® ^iXica m^Mm of Ai*£; aaiMlra 
50 to ^*i aro raisrarai^ '^  as ba /^ia^ lJl#ieat refraotoriaaaa 
«i1^ fsaioe pot at abo^ O^OOif aa atat^ ad by iMlrfield (2)« 
laparitita «^iab dicooXoar siXicMi loiiar ita f^aioa 
fioiat* Fiaar fraiae appaar t^ ba aora oaaiXjr fuasd tlxaa 
eoaraar oaaa* tfhara a&xiaua rafraat jriaass ia raqairsd 
aa la atteX aoaXdIar saadSf vlia aoarsat hinh parity aiXica 
ff^ada are uaad to advaatafs* 
Sxpaaaioa of tha haatad saad ia rairardad as 
baiair Xaaat irtiaa a fmvoarabXa frala aiaa diatributioa 
C) 
ticlstjs* h wife l istr i^atlsa or a^abl* p«a)c« in tto« 
fla« saaia al.a@ 9xi»aai a9r«9 probabljr for tHa aaait aa 
ta aaatioaei hf diatart (3)f four aad fiira aiava aaafia 
«r« praaaatlf r-agardai aa favoaraaia aaa froa aa 
axpaaaiott viaw paiat* 
for a ^i^®n @1^ tfpa and aaataatf «hara ta 
an oftiaaa wstlar eoataat asalrol ot aaiatara La tba 
loaMlaf ^a i f aa t^mt t^a oaat ^roparliaa ara iairaios^ 1 
a i ( aa« ^tUf atra^lt i ) %im& ia itia baaia a£ a^ad aaatrali 
Aaaoraiof to Sara^aim (4) graaa aaapraaaloa atraaglli 
graaa a^aar atraiM^H^ laaraaaa with laaraaaa ia «fa%ar/^ay 
ratio at Ot4 aai auHaataaatljf iaataaaaa vito f a r ^ a r 
iaaraaaa ia vatar/e^s^ ratio* 
I t ia atataA Itf aaaapa^it»« ataXl {3) far a 
givaa elajr faroaataf^t oaa i^a iafar ^ a t iaaraaaa l a tlia 
watar aia? mt ia aaaaaa t i^a graaa oaapraaaioa atraAfHi to 
iaaraaaa* raaab a Baxiaua mn& ^aa toeraaaa witti fartoar 
iaaraaaa ia ^ a vatar /eiay ratior irraapaotiva of tha 
alajr s»araaatafa» graao oom&raasloa atraag^ of l^a aaad 
aix attaiaa a aaxiaaa valaa aroaaA 0«? watar/elay ratio» 
aai at a ifivaa natar/oXs^ rat io, ^ a graaa aoapraaaioa 
atraafftb iaeraaaaa w i ^ iaaraaaa ia cXay pareaataga* for 
a partioiilar i^af ^arMBtagat tha irraaa iiiaar atraagth 
ioeraaaa vith iaaramsa ia mtar/olay ratio, raac^aa a 
aaxiaaa vaXaa at a watar a2.a^  ratio of aboat 0#3 aa4 thaa 
vJ 
ratlOf tmiS |rr9«ii mtar »tr«Q|r^ ia6r<iaMi« with ifior«aM 
i» eXiy jp«ro#nta|r# »« a |»?3^rtiottlar wat;«r/eiadr f a t i o * 
'%• froea naranafifi inor^iAwie wiMi iaervaM ta wit«r/ol.fiy 
ra t i 9 i for a iiivda ptaroootaire raad)9» a i^xlaiiM ar^tiiid 
a ¥atar/«Iay PRtla of 00 and laoraaaaa *rl«h ftirtliar i 
InoraaM La ti'm nafetr/dta^ rmtid* 1% oaa aXao 9l»Mrva 
^ a t «h« iiaraaaaa iftorat«iaefi ^itn laoreaMs l a tba eXay 
for a urivaa clay i>aro«ataif«, with iaoraaaa l a 
watar/oXay ratL^t balis i^oait^ prraiualljr i^eraaaaa aa i 
r^ai^ea a aiaiisiii aaa su'Dedquaatljr iaareaaaa* t h l a t r a a i 
ta oliaorvad at alX ^©tit^aii^a parooatafaa tjstdi t a t&ta 
iavuraili'fttidaair I t also iadioataa l^at Hi* bulk daaaity 
ta atai« i« at a watar/aX^ ^»tt9 of Q«^ tar alX tha 
alajr i^roaatairas twi^s^aili 
lOia ^ani t^ i i r r tvar a^atii mni aaataia iaf 
hif^^ of a l l toa aa4 a toiorai»Xa qaaattly of troa oxida 
aluataa aa4 alicaXt oiiftaa haa i»aaa taatad by Ht^aa^ 
ataXl(16) for i t a li iyatoal aad #iaateaX proparttaa ta 
rdlattoa to t t a aiilt^ibtlitjr ae no^Xdta^ »»a4t £ha taat 
raatiXta obtataad raeoaaaaiaa for aaa of th ia t aaad 
ta aouldtaif aaai for ataal oaattaft Jaioir th ia aaad aloa« 
w t ^ biadara aad addtttvaat a^aXltaf aaad for ataal 
OAstiaif waa praparaa and i t a phyatoal. aad eiiaatoal 
propartiaa wara aatsrataad aad wara foaad 8atiafaatovy« 
±u 
mtn^am ^ i^rndTimimn (17) haa O3iioiaa«d tti^t 
th9 mutual 9tiiSGt of th® pa^&ioaL &r9P<ir%i«s of 
faaaa£? aaad era «ii£i ^iSfi^r at aiffor«Q6 wfil«r/oIay 
rmtl98 at % 6t aaa to raa levels* fho foilowiog r«Mi .at« 
ir«r« 9&taia«d t 
i ar«9tt esaprasaloa «tr«aftti / • gv—n iii»ar atraiiiitti 
and praaa parttdal^lXit; Ve i>aX)c aaasity ^ 9 v a 
l iaaar traaa* 
11* ^raaa e9mpt&Bm%9n atraoirlh ¥a traaa hariaaaa aad 
r idHad ooapaotibUiti'f abattar iadax ^a riddlad 
osspaotlblXttft frasa osapraaaloa atraafth im A«y 
o9ai»ra&sloa atraagi^ t^^w qiiadiratla ralat iaaa* aa i 
i l i * f r a a a paraoatiililgr Va ^raaa Hardaaaa aad ri idXad 
eoapaetebtXltyi treaa imrilaaaa ¥a A«F*&f f lowabi l l ty 
^aw ddoraaalai? ttraad M I ^ tiia laeraaaa af tlia 
ol^ar aad i^raaa inarda^aa iaoraaaaa vim laoreaM l a 
bttlJe daaai^it 
ai;parltta&te waxv oarriad mt bg Sfibom liaa dk Bmm 
tigliaa (13) to stadir tn9 affaot of vatar/oXay rat io 
r^milair fron 0*2 to 1*0 on ^ a ^jfaiaaX proparttaa of 
howopaao^aa aaad sixaa oaati^taiBir di f faraat parttola 
aiaa alXioa i m i a a aad varloaa parcaatana of Oaatoaita 
$?^ to UHit AStonpta to ia tarra la ta ttia varloua 
Sliyaleal propartlaa af baat:>aita Ooadad hoaoiraaaoaa 
aixaa iadleata that Xiaaar ra lat toaihip axiata batiiaaa 
fraaa eoapraaaloa aad fraaa abaar atraairthf aad 
eoBj^ataOiXityt a? fXawabiXtty aad rlddlad danalty ara 
XloaerXjf iatarraXatads 
1 
It ie etntQj by trt^iiaiCriihaaa «tal i ( t9) that aoB9r«»Bt»o 
aad abear stroogl^ # iiardiid«s» perwiabiXilif» balk di«s«i1ty» 
riitlldil d«asitvt f lsvabiii wj^  dr odm^aotft-bilitjp of 
ajfiithttio olay i»9asl«d asaiaiag m&mA •latar«» la tti« 
fr««a etat« cea tia ^xproasa^ as a faaellaa af alay 
aatt vnHr parcaatagaa far a glvoa aaadt 
ffiay atailaa tlia praparttaa af aaaXaiaf aaaia 
for baatoalta o^ataata tnrfii^P fr^a 4 to lOii^  la atapa 
af 2^ aaa far w««ter/c*lEy rr.tla rrtaiflBf frd« 0*2 ta 1«0 
tfiffti laterpafltata trslata at 0*3i O*^ * aadi OtSt fhay hava 
iavala^A tha* rrr: '/li;::::;a si5i^ Inttrraimtlaaiiitp bat%«aa 
proparttta »f ^ rlv^a is:$ i^i.jlaf rr^ei* iiq^nirlmiatal data 
bjj satoba *90 * iR«t rtobaa (20) laitoata that t t9r a 
flvaa eXajf ooataatt fr^aa e^apraaatsa atraairtb aad ir^aaa 
tfiaar atraaitth raa#i a aaxioaa araaad a alaf/watar ratio 
af 2*!)* araaa hardaaaa attsaiaa a ataady valaa s^Wk ^ a 
mm^ d ^ A a t a r ratlot i'arBMabilltjr attaiaa a «axl«a« aad 
balk aaaalt^ a aialwia as a clajr/watar ratio of U^t 
ixperlaaaf^a wtr^ carried oat bir tba aattiar ta 
ataay the »ffaet of 3X%w v^r^iaa troa 14 to 18^ aed %iatar 
eoataat froa 4 to 3^ ' oa nrioaa phaaioal propartiaa of 
tha oJL «^'boadad nature Kouldiogaaada* la fitaraa 6 ta 9 
6«tat 3«taf lOatat l ^ t a •uiJ.iair tisa ara #iowa th9 affaot 
Of aoiatura ooataat aad e i ^ pareaatafa oa varioaa 
phyaioaL propartiaa or olay bsadal aaadla* 
lie 
froa iigm 0 0ti@ a a laHor that at a glvan 
sotstara 03<it9at« tho ^roea osaprasaioa atraafftti 
iBoreaaaa with iaect) sa la tna clay paraaataga* 
Tba g^apa of tha oarvaa of tig* 7 obtaiaad oa 
pXattlaf graau i^ atxr atK^ &agth vorreas taaiattiXHi aaataat* 
far a p&rtiGuX&r alsi para«ota#^» ia alitllar to tba ooa 
.,-'^ -^-iia#d a^ iflottiaj? gt9<(iti csspraseioa attaag^ <irar8ua 
ceititiira i^dateot ^t & Q'^i^ntiunt ul'Siy adataat* froa iba 
figtira oaa aan abaarvaa that at a givaa aoLatara 
aoataat» Hia gr^aa lixatir i»tr@ttgtli iaoraaaaa wltb laaraaaa 
io tha $1^ pareantaiifa* 
n stadf of tifim a inaiomtaa that tha uraaa 
haraaaaa ineraaaaa witti inorsaaa ia tha eJLay pareaataira 
at any fixa4 aaiatara eoataatf 
FToa tifT^t oaa aaa I afar that far a irlvaa olay 
paraaQtaira« with taora&aa in aelatara eoataatt a^Xk 
daaaity gradually tSacraaaaa aa liiova ia fi^ara* raaabaa 
a alBlwia aad aubaaquaatly iaeraaa«a* fhia traad la 
obaanraa at a l l ola^ paroaatairaa aaa4 ia tbia iavaatl-
prat i aaa* 
jtwiTBit »iii8iiiiia«iMiaiiiti«jaaj>«»jKa*>iiffiwii™"%iffi^^ * 
Faraaablllty i e raiaoad liy flaa aatartal ia tha 
aaai* Clay oantaat also iaflaaaoaa tha balk aaaaity 
aahiavad by tha a&ati dirlo^^ raangiiaff* Aaaardiair ta Marayaoa 
atal l (4) that uraao paraaabiltty iaoraaaaa vith iaoraaaa 
ia watar/alay ratio aod attaiaa a aaxiwia araaed 0*5 
water /clay ratio anittibaaqaaatly dooraaaaa with furthar 
lnor;)na« In ^>nt@r/aiay ratl0| bulk dsasity OQ th« oth«r 
hand reachas n aialoiuiB nt 0«> water/elay ratio* I t i s 
observtta by CQaapatir&« t t a l l (!?) that tor a «lv«fi oXay 
parG«tttfiir«t ^^^ iQcraasa la watsr/olajr ratiOf balk 
d«o«itjr fraauaXXy iteraasds ana raaohaa a aaxiaaa and 
atibeoquaatly inoraaaea* riiia traad i s obsarvtfd at a l l 
baatsnita parcMiataiiofi iisaa in thia iairastiiratiott* It 
also iadicatae that tha bialic daaaity i s aiaimia at a 
vatar/olay ratio of Q§3 for a l l tba el«y pareaatafaa 
aaployaat^ 
l^ 'or a jp!iYaa clay jparoantafiat paraaability 
ioeraaeoa with tha iaoraaaa ia watar/alay ratiot attaina 
a aaxiwia aad aabaaqaaatly aaoraaaaa on furttiar iaeraaaa 
in ^ a %ratar/olay ratiot ma paroaabiiity attains a 
•axiaita valaa arouoi a vatar/alay ratio of 0*3 tor a l l tha 
elay poreaata^aa atadiad aail for a ^iYso watar/olay ratio 
parwability daoraasaa vitii iacrtasa ia olay ooataat* 
It ia etudiaa by l^a author that fro* tha fiir*$ 
oaa oan eonolaia that for a ^ivaa aoiatura ooataat uraaa 
pvrwiabiltty Aaoraaaaa i^ith iac^raaaa ia olay ooataat* 
AoeoraiQiF to Diatart (5) olay ooataat of 
10 to 14 paroaat ia tha aaai aixtara ar« aoooapantad bjf 
•iaimiH ooafiBad<^i^ni4ett valiiaa« 0*0^ to 0*04 iaah par 
ineh aa aaasaraft at ai^ OO^ F^  High olay eoataata toirathar 
i t 
f^ith tini9 proper attoaat t>£ vator and ramiiair of ^ « wsiaa 
thas fnvsur tharaal stability aecsr^tat td ttitt th«ory(2) 
afar,, ,ftilftftl.jmlJiB:i£ .,t£ta<JCllt,i,.» 
So m&nsf prop«irti«8 aro inflaciaetai by «h« oXay 
typ9 ana ftffidant In souldtft^ miM9 that It I t not pasatbl* 
ts Gonsldsr th#a i>H haro*^  sset aaois hav<i tniaa foiiiia 
raeiataiit to flow iiirltiir es^alillni;* 3oft 9p9tm and porous 
oroap la tho aouXa r t s i l t In e«st | s t sw«llt and 
rourtioaiia (6)* s^old liardn^as to at a of tna aotildl oavlty 
eurfaoa ara aeaftil In atu<$yla^ tha aalforsity of aaaA 
flotf auriair soaiati^m 
Bana »ixiti|f ^roblaaa ara alaa ralataa to Ilia 
day ingrtaiant* Oooa ^Ixia^ la aappeaaa to oaaaa aaifora 
eoatlag of tha aaoA trains @ irl^ elay*$ffaet of aolatara 
ooataat 
It la anaant fros tha praaadlair aiaeaaaleB 
^ a t aloaa control of ^ a solstnra eoatant of ROttiaian 
•finda la axeaaaimrly ia^ortant baaauaa of tlia aaay propar* 
tiaa affaotaa by i t t 
A aarlaa of aj^ariaaata ooaitiotiajir by tha 
aathar(7} that «tia grwi aovprasaloa atraaftb* graaa ahaar 
atraafffii daoraaaaa with inoraaaa In aolatara aontaat* 
oraan paraaablll^ and balk daaalty laoraaaaa with iaaraaaa 
11) 
ooa(^qu9QU^ dodr#ii@aft groaia j^ drflHiabllttjr villi £)tr^«r 
taor9a80 in aidistar® ©snleati* 
for tht ma« p<i7e9ataiir«ii 9f i^iiit oX@y aoi imt«rp «ii« 
ph:^ «l0®l tr!5p«rtl«n 9f th» f^ni »lxtap» *»lil tary vilSi l^a 
In flp« 10 te 14 art cfi9%»ii tli#Rff«ot of 
prepex'tifsa i»f oXa^  a^a4<3d sauXdlaf oaii^s* 
lfiOH,ft^i,^mi, t 
?rott ^l^« 10 aaa aim daaaXuda ^ a t for a gitraa 
oXajT 9«roaBtaiat « 1 ^ laeraaaa la aatatafa ooataat* ir^ raaa 
paraaaDiXily laoraaaae aa tfiawa ta fifrarat raaoiiaa a 
•ajdaiia aad aabaaqaaatXy Aaeraaaaa* 
gciftt gaiPimigii ticftiti > 
7ra« ftir* 11 ana oi^ a lafar that far a ftiraa 
paroaataira 9f oXart ii»sr»^Ba ta aaiaftara 6»at«at oaaaaa 
tha ipraaa ohapraaaioa etraaftli to ftaeraaaat raaobaa 




r^s® ."iF* 12 :m# Gan :>l>s®nr« that for a ^ivsa 
percdtit |7« 9f Glair» taariirie« la s:>i start osettot oauMt th« 
l«erfta0fts vith isertaMt la soistare eaat«at» far a iirivaa 
3^(ire«fitair« ron^hae a imxl«u» ana daer9a8«8 vlth fartbar 
iaoraaea in ^ « ttsiatara e^ataat* 
For a glvan ola^ p r^saataipra with iaeraaaa la 
noletara aoataatf taikXk dtanoitjr iaoraaaaa ae abowa la f l f«H 
raaaiiaa a aaxiaBin vlth farthar iaeraaaa ia aoiatars eoataat 
for »Xl tiia eiiqr paraaata^e* 
aihara ar« tv^ oatho^a f^ additaip elay aad watar 
ta tha aaad* la tha firat sie^oit firat watar ta addad to 
aaad follaifad bjf eXajri %(i2ile la tha otbar aathodt elajf 
adlitioa ia follawtd t>y wetart I t haa baaa aafnaatad that 
tha baat ^rdtr tf tiEdiar tha iit|rr®5iaQta to a oXay boadad 
aaad ta ^ad with v©tar« follovad by tba biadara* la thia 
wajft ^ 0 o3>*^y i» * 9 ^ %ttiekXy and aaifsraiy apraad ea to a l l 
tha aaad pprnioa* Aa additioasl adiraataira of thia alxiaff 
ordar ia that laaa Saat ia prodaoad dariatr tha mlliair oparetti 
oparatioft* 
It has obaarvad bjr author (7) that tha phyaioal 
propartiaa of aouldiaf aaad auAh aa frraaa ooapraaaioa 
IV 
8tr9fiirtiit freaa stmme elr^n^lh and balK d«tt»itjr i*«r#aM« 
ifith lfiar«aM la abtlliair tlM aod attains a aaxiaita ¥aXiia 
as «»i«i;tir« e:>Alattt F^i^iaa ma «%••« 4t t^ « naad Odadltloa 
rraaa j^rtMabtilty dteraaaaa witli iaoraaaa ia aaJUlair tint* 
^jwjuiiJLaMiifi'ftiiiiiiasaa^aLwmTWiiiroi'riiftiiWiSyBjaKi * 
iffactlva aduldla^ tMuA pr#j|^rfitioa nauaily ooaatata 
at 0artaia stapat iacO-adia? t»o loIXavIa^ t 
1* fiaaaval it Jtor^ita aKitarlal^ piriaoifalljr fiaaat aataly aad 
iiaai X»a9a» as ^a aaaa la pr^ paraft far raaaa* 
2* Aaa%aata aixlttir aad t^apariaf * MaXllair or otiatr alxlai 
of t^ d aaad to diatribata %am oXayt vatar a«a adaicloaa 
mimXA 'aa GdoliOit^ i aatil aptiaua eaad propartiaa ara 
dlairaXapali Oartaia eizara ara sa<^ aar^t pataat thaa 
atitara* Uadaraixad ai^ ai m^ hi^V9 a var^ aaa^aalfoTS 
itatribatioa of isiraileatat 
^t Aarataaift aonaiatlai of saparatiaf aaad fralaa aad of 
riddita^t earao^ lQff or baatlof %tk% aaad» la 
praatietd ta praaata battar aaaldiag raattXta* 
4« Ooatrol of saad taa^rat^rat Coollair at aai^ d taa»ara%«ra 
ia daalrabXa aiaaa hot mm ^var lOO^ f eaaaaa aatiXdiaii 
difflaaXtiaat far axa^ pXo « atioiciairi drapat ata* 
itaitXdtaf hf Joltlajip « raaaiatt aqaaaalsf t or 
aaad sHrnriair aaa pra^oa diffaraat prapartlaa aa &a aitad 
bf Haifa and itoaaathai (6)« Aecordiai to hia ^a irraaa*saaA 
lo 
30 tQ dO i^ si of squees^ I>r3@.iif«f iii® dlffioalliir of 
attalntiiif antfsrslty ofraaaltkir t s pr®eoBt In any withodi 
of aoaXding and one !»• detdet«d b^  haraa«BS «irv^» ttf th« 
vottldl eurfee** Hon naifom hariaoea Is belUvad to r«fl«ot 
aadioeir-:)»I« VErls.ti9Qa la th«i pr:iNir«la«t liaQO* tbo •tftadard 
4«?*s« tost roiuXto Ao not rafX^et tho propartia* of t^« sand 
la the Moaldl uaX^na 89ne s^nstlilQrabla i^taa am taliaa to 
eorrelata th«a» 
Qaa^laf ^ariftb|,aft t 
fhe oiiatiair poduo®! ^m la th« aad tha p r l a o i j ^ 
oritaria of %«hat asnetitutaa a 3^;ddl soaXdiair aaad* l^iiiliL 
i>9arlai7 taa^ratara a£ th@ caatiair aXXoy* IX^iO to 5200f 
for ataaX aa aa ^mim'^^^w ^X&i^ a isadti prraatar aapbaala oa 
tha thasnud raMiataacs^ of tha aaad* >^ 9r ^ a aaaa raaaoa 
aaalX oaatlaira ara Xaae daoaadioir than Xar^a ooaa t t>aieif 
aoXlAlfiaA bafora tlia aouXd i»irfaaa ia 8l#raiftoaatXjr liaataa* 
A oaati«f thai ranaina «oXtaa Xoai? oaoaub ao that tba haatad 
ap to tba Xti^ aid aataX taffiparritura reqatraa fraat tharanl 
atabtXttjr* Haavy oaetleire naJ hiis^ poariair taaparataraa 
aaaaealtata Xsrfar additioaa la aoaditloalaf tha aaad for 
raaaa* 
17 
iiith iaer«aM in salXiag tlM and attains a aajciMM faXiaa 
as aolattira o^ataat pewaiaa tha »%*•• At «it aasd saaAltioa 
irraatt j^r«aal»illty daoraaaea with iaoraaaa i« uiXliag «!«•« 
iffactiva a^iiXdia^ mti& prepariitioa avially osaaiats 
Of oartaia atapSf iaolaaieiir t.ha loliaiiiiif t 
%m -inrnQi/sX 3f £f?raifii !iifitariaX» pii.ttOi9iPUjF fiaaa* aatalt aod 
haiia lit«p% as ^ a saiii i s preparaA for raaao* 
2« Aaa<i«ata BixiiMr aai tas^riof # Haliiniir o^ otter BixiAf 
of ^o 8as4 to distributa taa olayt vatar aod additions 
siiould a^ oootiaiiisi aoti l optiaua saod proportias ars 
doiraXopadw Oartaitt mixora ara m^cto aorot potaat thaa 
othora* UaioraixoA satid IKI^  tiatra a wary noa^aaiforw 
aialributloA of iatrMi@ata« 
3i Aaratoftift ooaaietlmi of aaparatiof aaad fraiao aaA of 
riaaiiotf oeraasifur or baatiof tha aaodt ! • 
f>raatteod to proaota Hattar i^aiaing raaolta* 
4% GootroX of saoa taaiparat^rot Cooliair of mm ta«9ara%ara 
i s doairabXa aiaoa Hot mni ^var lOO f^ oaasaa Bouldian 
aifUottltiaa* for axai^Ia » stiekiaiit ftropst oto* 
HOiildiiiir bf JoltiRf 9 ra«aiaf» aqooaaitif t or 
a«iod alifurioff oat prodaoa difforaot propartiaa as la attad 
bf Maiva and itoaaothaX (6)« Aocordittfr to hi« Iha irraaa^aaai 
u 
propartlaa ot %ao >*raa miM ta»t oqui^ai^iit %t» thorn of 
30 tD ao p»i of »ii}9e^ pr&BfMtm* xhB dijCflotiXly of 
attainioir ani.topsit^ afraK&iQir Is proetat in any ••thod 
of souidlnf add oca &• a^toet«d by nardacBS winrtys of «ki« 
aouXd BurfaM* Son nalfors haranees l e boXiovod to r«fl«ot 
nadeelr&blQ variatisiia In th« pr p«r«las* a«Qo« tho standArd 
A*?*S* test rewXts (lo ftt>t rafXeet tha pr99«rtt«« of t^« saod 
iQ the ffoulA unXaos mm» craftldarAbX* i)«la8 aro talioa to 
oorreXat« th«a« 
fh« Giiatiair praduodl &«?<a la tha aad tha prlaoipaX 
oritarla of w^at @aaetii;ataa a 3^;>d souXdiap aaad* iUitli 
psarUi? laatj^ratara g£ thQ caatiair aXXoif* 1K)00 to 5200f 
far ataaX as aa aa^ y|ipli3« pXi«3» SMQH irraatar aapbaala oa 
tha tliajraaX raalataaaa of tha aand* ^^ vr t!ia aaaa raaaaa 
aaaXX oaatitura ara Xaaa ia«aa4lB|if than Xar|a aaaa « baian 
aoXidiflad liafora tiia aiOttXA sarfaea ia aliralftoaatXjf haatad* 
A eaatia^ tna% ra«aia« KoXtan Xoair aaotifli ao tiiat tba haatad 
«p to tba Xittt&d aataX tanitorf^tara reqairaa fraat tharinX 
atabiXity* liaavy o»atiaif6 ^a.] hip^ poariair taaparataraa 
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8 11a4 11t2 12*2 15«4 I5t4 
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14JI 15Jt 1«k 1?S^ %^ 
4 3.2 3«2 3*3 3#7 1U7 
f 7#6 8«T 7»t a«S f«2 
$ (f6 ?•€ 7*§ a»S d«1 
7 i«0 7t1 7t5 7t5 7»a 
8 9»S 6«5 7*2 1*% S*7 
•MlMIMHMIMIMaMMainMnaiMIMaMlinMMMaiMBHIM)^^ 
111 . • • • • • A i f f i i A l i V l K i i l a l t i i i i f f i i i T ^ l l J l H i i i i i f c iimi..ii.iM.i milII,,.II.IM ,1 
4 7#7 8*4 9*t 3*2 10«9 
$ 7*3 SiO 8#3 9 ^ f»3 
# 7ft 7*2 7 0 ^#6 a«6 
7 6t9 «t7 7f4 7%$ 7«« 
« Ur 6«6 7t2 7*4 7*5 
( muiu liw ? t^iiti \ 
4 8*6 9*7 8«9 9«$ 10«2 
9 3<2 9«4 7«6 a»2 9ii2 
i 7t9 S#2 7 ^ 3t0 3t7 
7 7»4 7f2 7t> 7»6 8f2 




























unmm H&riMM ^9* 
MMNMMRNMMWMMMMn 
9M3itjr i^ 0i4Mr ^ca«f ^oiAy 




































































































Kdijltvrt Stan 9tt««lt|r i #«/ • •«• ) 
- lit - ' 
^oi«i #oi«r )^«f %^mf sNa^ y 











U i i 











I t iO 
%^^ 
i»a8 
U $ 1 
1*68 
I t T i 
1f89 
1»f5 












I t T I 
U T I 
1«T8 
1«83 
1 t 0 












U T I 
I tT f 















I t i i l 































U i i 









U i i 
U i t 
UT> 
U T i 
UT8 
Hftl i^rt itolsliifw !f»l0Nf« it»i«ta]f» il»l«t«f« 
•80l««« Cds^st «#«^«t «oat««t «••%•«% 
491 5ft «( 7^ 8)( 


























































































































1 ^ v j 
( il«Ut«|| tim m 6ttls ) 
ii»l«l«i« Hoi«ter« Ntii^iiif* iioi«l»f« iioi««iif« 
Mfitott •»««••% ^ftt«st oaaUat •••«#•% 




































14 f 5 






1 0 0 





1 1 0 
12*6 
12*6 
1 3 0 
l O t i 
1 2 0 
12*8 
12«7 
1 2 0 
1 1 0 
1 1 0 
i 2 * i 
1 2 0 
1 3 0 






1 3 0 
14»6 
1914 
1 5 0 
1 6 0 
1 3 0 
1 4 0 
1 5 0 
1 4 0 
1 4 0 
1 2 0 
1 3 0 
1 2 0 
1 4 0 
Urn^ 
1 1 0 
1 2 0 
1 1 0 
13«2 
1 4 0 
1 0 0 
1U7 
1 1 0 
1 2 0 
1 3 0 







1 5 0 
19«8 
150 
1 6 0 
13«2 
14 #7 
1 5 0 
14 f7 
1 5 0 
12t^ 
1 4 0 
1 3 0 
1 4 0 
1 5 0 
12f3 
1 3 0 
130 
1 3 0 
1 3 0 
1 1 0 
1 2 0 
1 3 0 
1 3 0 
15»4 
N»lt%«M Nftlstt IM Nolstt t l^ t'.Olst«r« N 9 t 9 t « M 
«i»att«l f9« t« t t • • • t « a t «OQt««t o»«t««t 















9 f t 









» • • 

































7 t t 
7»4 
7.5 





























































































































I nnin«ii»Mi'i» m im—WOM—W^wi—Hiiiiwii'.i' m » • mmmmmm* u ii MKIII.IIIIIIIW mi.m'mf^ ii iiniin' i » — » » » • « — « — > I « W I I M I I M » I I 











90 88 8S 8$ 
90 38 8? 89 
90 87 8i 
'!>'• • Dr. , '-'-r -••% 











•HI l«M<iilll»»ll»<»i»».ii i j i nU I—Ml—l l iw l lliii»»n|l'ii|iin«iii i»<inii»ii>. i»'i'» l l i l — » • ! « » * « « . 
89 m 87 87 
38 m $% as 
90 ^9 SB 87 
91 90 a^ 88 
91 90 83 88 
Mm»mKmmmt»»^'imatm»»i'imimmtm—i w i o l u i i i i i i x w m — — » — x m i i tt w • • in««i<ii 
4.^  
( iiiiUi«i nm » §•!•§ > 
Nelyttr* Mtiftam KHvliffi ll<»i«t«r« Nsiatiix^ 
M t l M l ••«i«ttt «»«l««l 9»8t«a« MftttAt 






H f 8 
• • 0 
I tT I 
un 


















1 « ^ 
t«88 
1tf9 





























t f t» 
t»aji 


























































. J i l t 
4o 
H«tnllitriri@^ly an id«ai eaetinfr t« that «iiiab 
posisttsMa optiautt fro9<irti«8 aaa I® prodHMd witAi tli« 
liifh«fit eaatlftir jrldldt Ihe oastlair ykt ld t a dsf lMd as 
th« foreant ret ts t f th® w^liiit 9f 1^ i finiahad prodttet 
to th« vaiifht ot th« pourad Qimi^^ I t l a Iap9aail»la to 
obtfits 100^ easting ^taXdt »d ®^09 m%&l suat ii« usad £»r lUo 
prfttitm aod £«aUf^ i%/e%a«a| oltaa aXao for trlaiBtiMr or 
»a(!hiai«>ir* Sooa of the 0£ st ia f aurtaoos* 1!ha prodttetioa 
eaattnif ^i^Xd i a tlia ratit» o£ ^he tdtaX volght of ftaialiad 
oaatiaira 3£ reQUlrea aa ©ytaldlo proj^rttaa to tha t o t a l 
w«t|?ht of «9ta3. i»il,«adf Bia produetioa yiaXd l a uaaally 
aHaXlar than tha ei^stiai* y l a l i » baoayaa of tha loavltabla 
pr':diioltoa of aosa oastiioif Um propartiaa of whiah faJLl 
oatatda tha aocaptaaaa i is t t t * r^otailarfioally Ivportaat 
proparttao of f in is iad eaetlare o^aXd ba doaorlbad as 
I t sarfaaa 
2* 31sa 
>• straotura 
4* aouadoaas and 
5* atraaa* 
CaatlajPf <pa}.lt^ i^p^ais on th& opttaaa balan 
obteiaal In sua or aore or a l l of thaaa propartlaa aad 
v^^ria&ioaa rroai t'a^ ^ptlmts ara rain tad dlraatXy to 
' i 
^*i grtffriti t^  i»«!iamt * 
AMrlaaii fauttdfyttea** SaaUly (8) 9ra»taai 
•avaraX taata ta •val.aata aaaaaaaaa m^ aa oaatiM A«t««ta 
fast l«a* bXawat 9i<ftt«X«0f 4raj^ dirtf «««• aai «ailiaa» 
•rakat rat^aUa» ba^aat aterieacat MUX yaaatrmtlaat MttlA 
iraak* tha i»«l aawnaaiy eat6 «a^ai la Hia Mlba4 at fiaAiag 
kXaiiitX«a mna Hfil^^t* t^o* turmii^ t^wn taalial«aa« 
ZaaHHidtt ao^priaaa ^oa* a9«ratiaaa whitfi Hia ^aaltty at th 
Hia oaatltf aai raaiXt ta cajaatlaa at aaaaliafaataiy aaaa* 
tttaf«atl9« pratadai^a My ^ aXaaati aa faUawa i 
\* iriMaXt wirtaaa iaapaetloa far faaaivy d«t«ota« 
2t Siaaaaiaaal § ra%alriat i»ttir«» f^t aaaaaraaaata* 
$t MataUarflaaif faq.ttlrl«i ibai^eaX f ^wHmX aa4 
•aaliaaioaX prii9«rtiaa» 
TaaaiXa taatlttg la Mva vldtolf aati tnaa a«r 
aHiar aalAiaA af taattot twitg ta Via gaaaraX la^srlaaaa 
•£ atraagth ^rapartlaa in aaniaaario^* 
VhUa aaapaaitioa etftaftarda aatalriLl^i Ilia 
^a ia fliiaalaal lAaatl^ af aa aUers t «t4 M M M i l f fafvat 
prapartiaat «a« !»• »te1t8laai ta aaattaira aaia la aa allajr 
af ttia aaaa aaapaaitlaaa FtirtlMnMra aaoh proparilaa taa 
ba affaatai ^ atnrataraX faataraat aaon aa aavitlaa* i*ii#i 
^lo 
mv9 p^vtlf lfii«F»ei««t of th« 03ap9»l«i9«> I t i » 1t)i«r«t0f« 
t9 tstft^ltab •p«oi£l» m>m £iiiiiww«t«3i fr99«:rly ««!>«•• •£ 
S^al hmtm t iMi f»r •Vttliiatl&ft of f««isM«t«i tucl aotaX 
froyorlUft M « to« Mot i t « fMiiMtffy m^ lh« i i t i i r«% 
ii«%r)«i0 M 4 tasttttf l«#iaii|ii«s a»»4 v«sy wiHi tlio «Ni«lfl« 
^ j « « H t » » of «ti« « • •« • • 
stftfttftrA i9««lftofttl»ft ttot tera « M i for 
•«»liifttioi of opaolfloi M^iAtlotti or S ^ I I M I . ys^forly 
•«««aftri% my •ii9Pl>«M«t or • « • • f«i3Ui«o tho ihaa iMl 
9o«pooiHo« A^optftfiOi t«»t«f ?r9« tho »re<ao%&o9i a M 
IttAitstrlfO. poittt of vidv» tofiollo toot bar praotioa faXfUa 
•a obvloaa praatiaal aoadf aot ooly la »ravi4l«g iata aa 
«o#ia«tMa. yraiiortioa of oaot aot^a» 
la aMItlott to tho toaailo taat bar yroyortu** 
atHor MOiiiaaloal pro9«PtUa» aaab a a Hariaaaa oaa tea taatat 
to otelala f«Bia«iatal» 4a1»# a&riooaa la a loeallaat aurfaaa 
taotf i»09o«iiittff oa tao fooaotry of tho iaioa for t^a araa 
affootai bf IMat i f i i^ t ioQ any •voft b« witiiia a a&afXo 
traia la tt^ a atruot«ra»r A haraaaaa taat oaa tea aaoi ta 
•oaaara tiia ataraca ii&rftaaaa of tuo atraatora %f a 
partlottiar teardaaaa t f a rtoffla ooaatltaatt ar avaa far ta 
of lt» aa urala teotiairlaa ( itloro«liardaaaa>« Aa teariaaaa la 
4o 
m atiiear* 9f «3i^fitl6 sua etmt« hnraettlKir 9b«ttoa»«a t f 
^ t 9trtt«tar»« i t s appl^ir ttsn is aedftl; for ttst i t t f 
iaiM«|f9ri^|f #f ^i« «lntdtiift »Vttr •MV^Mttt « • « iihtl«* 
Id ft stftM b a r i M M pr t f i i»« i«fonMti»tt«i8 sli^Lliur to «li« 
ifttroctopio omelttiLioii sxoe^t «tiat tut ii«ri««M li®«t to 
Mffo Alroet MNI qioloii aoa tr>Jioo iat» oooouftt o t i i i *«r of 
iJiltloe &tti frsift l«9orfailllOi}«<i 
Cttotlttir ^00^ ly %^@» Oft so of istoroft^ aofotts 
0006 fto l»lo«^ol.Ot ftf«iol«8 9lt« itt Moy ooooo ifttriontoXjr 
•oroi Miotioiro aro oxtroMaif i lfflotiXt l9 aoao^ftt ftooumtoly 
^ortlooXorlf tito lotortial. oee%l9ft«i 1% io i^yortaftt for 
tliroo mift roft^tft to ossaro «ifit tfoooo oooliofto ftfo oorroot 
i« thiolc«oM t 
t9 ifeoro ttf^ oaift h9 ft3 addilidfial ¥«i#it vlilili wouli 
•sko tho ftttltfiol proioot lioavior thoo 9or«i«ft|lii«t 
a» sootiooo ftttftt ii:^ t bo tuittttor tliftft aooiffooi i * oooo 
of ^«rftO«i«ir froA tho 8tro«ii^ of tuo oftotiUffi 
3f Xf HoUov oftvitteo nafo too« rodoooi lo oroft ^y 
iooTttftoiftir tHo aotal ttili^tooo of tuo oootloms mof 
flow of il(nti4 or i»ooo iftUsiot h$ tuo iooiirior 
io roiiooA* 
Horthy (9) foftft ttooA oootion ioo^ly ft«a 
aaotUity of OAottfti? &a a osaodooM yoroMtor !« hio 
•ittiioo »ft 90 70 nXmattitts oUof • 
Aoantkaonrf^anfifi (10) has oood altraooftio 
oxMilttfttloQo Of ftlaiAalott alloro lM9^{7%ti$ 0«5^ II9) mmi 
Ull€(99^«lt 1*$^«i« Ot,5# itf) iHi ft oooftiftooo yoroMtftr^ 
q/ 
•p««i««fts 119I0 a fi«raifi raids df 1* 103 M O «« « 
t» HA^^rataiul tut va#l»ii« ^mt** ^im ar« r*«i^ftsllil« f t r 
tii« taennrattM of oafttitf d0i«9t» m ^ s t eaitaliXa r«MAi«s 
Blova arv I>8^»M • Utayti tas oaf l l l « a at ar ba^an 
«ha saalioi aarf>%aa oaiiaad bjr i^al i ^aaiia aai #r«aaar«* ttay 
ara aaaaXlf raaaiiai l»f r%$9Qiug tua aae»4«t of gaa foraai 
by tUt MMiXa &r imptmim l^» 9araaablUt9» 
nobal^a afi^aar as twaaroaa aaail gaa aavltlaa 
at t r tajly altiiiitCMr Nl»w tlia mrimm^ itsaaaatira aaiatara 
a«t f»9r 9ar«a«btXi«9 ^ft ct^aa Hi^alaa* 
Hal a MUt itaaftthal. ( i ) iiaa aafiaXaAai tHat 
la altmHas aXXif a a»tttaiiM»«i aaffa tima ab^t 1 paraaat 
•afaaalast a raaatia« taala ta 99Wir iMtnaaa tHa ttataaaias 
af tba iiUay aa4 watar wmpmt a l tiia aaalit Myirairaa CUiaA 
o 
ptoboXes &,% %hB mri^^m nm tad rvealtt 
fliis i#f«e« Ift «MaJL3^  iti« to Mak WBA or rottuli 
•oitia iift«Ali«^* A 9ort;it« ^£ t^9 99P9 iro^s t«%o tbo t r ^ 
a9(M4U« a^ftsiets Of )»iMliiir %^ « «aft4 to lilflior otjrosirili^ 
Maldlur to jppo&tor liar4tos«t &«ttor 0B«4i alxiaf or ooao 
ottior a«ft«8 of stroi^rtlioslfii tho oati* 
iHrt t •><*• <^ >i vaa^oo nro ano )o 
Mr t f oattf ftoi . 
• • - — — — — • voidi oftfti t ea»oot«Uf i< lo¥ l« toy 
¥aAo« 
•trvttir^ or »lth iaoiiffloiott toaporiof 
viL$#rt #««o«ii«ir«0 Airt foraatiott* 0ar«3.««8 MuXAlftir M f 
• I M pon^l t i r t I t tbo i»«Xaf ioMitoo for ttiooo ««f«««« 
ttiHistoto of m t ^ M f tii« fTooM olro«ir«^f • •« rftioiig tli« a i r 
Mt and d«y «oaprtit«lott otroiiirtli to otor &9Ai i<q^r>ira4 
•OttXdiQj? patters ftt«» 
iQioy ftz« ooMBoa bjf a portion of tho aoaXi airfaao 
atalllnir or fJLak;lfig off booanao of thdraal oxpasoloa of tlio 
mnAw aXiaiaatiea of i^ al^ o re^iiiro irroa'«or thuraal otablXtly 
• f tbo aatil*- i^aaoaiot e0a«ioto of oof tor raaaian of aoaXAt 
roAttotiai of dry atroaftliff aao of ooaiiaottbloo or •aabloalat 
afORta i« too aaadlf Hottor alxlBf oto* 
mato i o f i t t a afpoor as «trotfia or oUgiit 
Hiffoa oiilofXf 09 Xmttm fXat aarfaaoa aai aro oaa< axpaaaio* 
tyyo &of»tt(Nt 'O^ liMloato* tha f i ra t o ta^ of Ma^toiat* 
sattaUlap l a raftaaoi by n Xowriair of not atroa«th «ormi|^ 
4.i 
^ « »•• »£ Off %Q a«0 ^re«3% wosA £!.;»«?» ii«at9atl« 
5 t» 6 f t rMtt t Ma «^tl« lelftlKis aoictilit @9ftt«ttl t 
ftHilitt t 
ft4|ftt««l %« llM A»f««t m i t t i vitli r«i9t«t to tli« aHMH* 
0«rtaia i^ riitiiEaf« i«f«ot« ftre f«Xitt«i t« •»•§ 
»»ftiitlft««i ftimm mm rt«Uf atisftrt^t atiriaHs I^MM Iftii^ 
«r« • • • • • i i^t bf MtaJl iftxi«l»Mr« 1>«^  H •a3l*iPi««Mt ot t^» 
• M l i «ftvit| «ft«r tli« oai^iftf ^«« &••« F«it«4i» tli« Mft4 
Mf %• t»t Mft atyi ttttftil&ctfttie ptmmmf m»m» wm^% * 
««tllt#^ •tl.«rf#«ittt 9r i t aay «ot li« t}i«i«ftU| sta^X* # 
lli« •a«ti«i t^iivs «tHt ^iiiarfoi dlwiftsioftt or is »vsr M i i # t 
ibsa ^ i » i t fst t 3ediir«# ^srs t)i« ssstisir is s^irisiisljr 
^slfsi sr sfsrsieSf ^s l@fs«t o£ asttii sslsryrsasst is 
SilJySi S S^iSUL^ V 
tHiliil ^tftflftlitft III. 
mis dsfsst 6»a®ists 9t s i#s«iy ssss 9i sssA 
s«i attslt siii#i ft#i«pss tt#t l j r ts tiis ossti«i« iistsl My 
fwistnits tbs mmi ^fiwiss i t is mibssisslldr ssft ssi 
l^rsss sr lissssss sf ilisaliMa rssstiss Ntssss ttis astsa s«t 
sftsi ssiislii vsttisf sf tiis sssi gmiss kg tlit muim ts«t 
Cu 
•f«<ilftl t&9i%f mmi»9 
It tit« »o«l.i I t ti9% •tr»fiff •ftMfiitr lid t 9r»9«f^ 
•a»9WH4 i% Mttf erfiflle* Mttal ea« rut i s l t ^ « orftik M i 
fli« M i * dtffl^iJiitlts itt ttit ftXaaiftlttS Ml^tliif 
2« dftt alisdrpUoQ 
•1ti«r ftxia** iirii«b f«t •0iX«oWA 9ft «!• M i l mnmm% 
AlvMilftS ftUlif • •aal l f raii«l irltli iraltr f»90«r« • •# •«i«r 
wi iNsl i t i i prointtftf^ m^m 0 4r»»« torwitt»« «»• ^« aiftiirilMA 
I f Hit itiftrf* Ift 9r9«*<t«< f f t s tftAfiftlltft froftiitt^ mm Wk^ 
M i t l i f ^roMM ! • imiHit ssfftrmtiMi t f ir»Mi f f t * tb« 
•tltoft Mtf i l ««9»«i« M tii« 4iff9r«ftM ift tu t l r wfXtim 
ffrftflt|«s# I ft «iftt t f «3Ui«lftl«at lift««vftr» H M lyftftlflft 
t r a n i r i l f CftffftMft l « Vftfy flftftUL ftftA ft»9«V»tl»« •t ^ « M 
Ift fttt ftftiv* 9m t i l l f t f U « • ! « • • vllti tut ftUif ft ftfti 
fdnui ftiftiAiNMi* fti^lAft iftilftrtftftfti «!«• ftftvalftf m ftftriftttft 
tJ-A. 
AXttBltiiia aUisft r « M I ^ «l^ «»x% ^iroftt«» ftdi 
«• ^« ttltbiXllr t»r liyftrsiMiii tftor«»Ms rt^i$X9 «!% 
•^•v« 70l*a# lif SrofSfi Is i9nv* i fr»« t&« f]rftttt6t« •£ 
••iribttstlMi ««i wat«r irapditr ia t^e ftiramM »t»»c^«r«« 
on* p»r»tll9 U Alvaliaittt oasftiAfs is ins %9 lijpivoif«« 
i^isb Is twkmm Lttts aeXttfttaa Is ths m%ml nulls I t I s 
•iXtss ssi is rs|ssts4 ss %hs astsl stftXs* 
SUS Sl»9VS <if£lQtlXl iSS SrS ffSiWfSi hf fiLSSlSf 
stti flaifelsg » ossstms fXttsss sssi t» ysns ttis M«SX 
ia«l.fldt silrs^Sf )isiX&«a» ta^m ssi #Ulsjfissgr ttM sffsst sf 
•bXsrlas is vsiy 9*«sn&ii «iiss I t Is M^ sim tlirs«# tlis 
sU i f * ssHsslas tUXsjpiis ssi h; drsfss «^»ni» vspssr mn 
fs rwi sbltb ssncy wsm IMI^I^SS S< ^ivsfss ssd sidAss frss 
ths sU«f • 
8ss sllttlsatiss ^ sbXsnss Is ssrrisA sst i f 
sa^ tsXr NiiMLIttf ^ s fss lhr»ti# tiis ss «»st liisfs 
I s • Xsrps sirfass si^k sf «»«tsst istwsss ^ s iHlsHss ssi 
tlM ssX^ft w ts l * Xasrt fssss is not rssst stisslssUf ssi 
9s3if ssriy swaf tlis sxliss ts ttis ssrfsss si tlis wstsi* 
fXsidlsir Is ssrrisi diit lif liElai^sr • ^ ssrfsss trsss • •# 
tUsft ks^illie «Mi ^ fss tiirtp# tUs mA% fsr ts* 
•lastsii* i t Is fsss St m ts^^srs^rs )isXs« ?90*a ts stotsi* 
sftiAVI* iMTil^lit* fsttiVsIs 
Mstiiff i»«fftf« b«ifti; r«2.da«td fr&« tii« t^nttdry 9 MI at ^ 
•^9r»v«i ana pasMA »« •••«l«fr ti}« r«qitlrtMt%8 ot «li« 
ottttftMrU trairitf «iii i^«etfioft«l9«» flrstlgrt tti« Mistiag 
Mi!t b« wtlstftlMi U orildr to t^at af««r Mtiiitti«ii tti« 
£t3i.0ir« I 
Oaslioi? asaaltf t«fiti«pr ! • earriaa Mt 
Hy aoottrately viiliittf •mofo 9^sllif or by Mftanriwt tti# 
t l^laooMAt MMM4 I9 i«Birgt«g ma eaatiair la a Mt^aUy 
f IX la i aaaaarisg Jar tv ^oaatl* aaatlaf vaigbt la ilvlAaA 
tof ataplaoaMttt folswat i^ lli^®« ^^* e^ttittf 4««ali9» Z« 
•@rtala laataaaaa whara axtraaa aaattra^ la iaaaaiat froa 
Ilia faaaiart a tal>araaaa af i>laa ar alaaa oaa paraaat at a 
fivaa walfflit oaly ta aliawai aa la a l ta i by KaaAia (I5>t 
aa<lair«|lif aaa IMI atlXlaaA ta far i a^aa t ia t 
aaatiat far a^y aataJLi tha Uoholqaa ara aat aatarlally 
aiffaraat fro* %h9m U aaaiaal ittfaatiiratlaaa* Saiiaat 
aaar«y froa aa X'vray %aba» aaj^ aula af raAlaa aalfala 
(rai iaa ar iraaaaTay raiiairrapby^tar ratlaaatlva aaH^t i a 
yaasaA turaapli tba (MUitlairf ar aaatiaa af tua aaatlagt aat 
^ o 
ti»f«ot# t« l»i« f9r« 8f wmtStB »r voiis *r« r««ori«4 mm 
B9V«i S9r9 •asl l f tiir$«i|^ tib« ! . • • • a«Mt r«iri»ii» S»«i 
i«£«ets rtaaUy tl««iLoat4i I f radl»ifr«fbl« iftii««tl»ft 
sr« aaaA t^otti ftraglcat i«t0jr«a. mmA •xM%rmX hm% t««r«t 
»r H « hol« f»ro»i|y ift g^ortf amr diaaotttlatillf sr 
••XI««n»ft ftf diMVOtlaillWft •x«»«4iii9 aboiift 2 t» 5 )(•••«« 
aoa*«lli«l ( O f 
II I ^ « t^tmmr aairaatic aowi«r is • l t i i«r i u t t t i 
wr tti« turtftw t f a Mfoatiaai oaatiat »r £l»«f«« avar 
I t la aa §11 aai^aaaiaaa fovA^r partialaa e^I^laat at 
a«y armaic or tltaaatinglty la »r aaar ^ a aarfaaat 
99Ptaiair fraa Mrfa«aa of th9 aafaat aat aa aartii aai aaatli 
palta« Tha i^aXa aaatiair My b« aaira^ttaaAf it aaaai^ 
aurraat ia avaiXabXat ar proaa soy ba ttaai ta iaatfaat 
amU araaa »£ Xarxa eaat|aj;ef 
(Matiftis of iioii»ttafa«tlo aatariala aay ^ 
laatraai la a vara au«;>aaaiaa a£ fXuoraaaaat paniar la 
paattratlat otlt tsua taapaaalda paaatrataa avaa i^aata 
oratiia aad poraa* m i^ naa o£ ttitrairi»Xat XlfHt l a tHaa 
5'i 
Ol»tlat«At ^ttt i9f@otl^3 Bra»e ars BSSS «il)&t leiiji r«ftilljr 
Stan* Mnfrnetlo p9v&9t iasipdeUoo te adsfal for i t W d t l M 
«lBe9fttlAaitU« at a«a •ILiK&Ujr b«X9v ^ « earffioe* I I oiift 
to* UMA only ott £«rroa« amtttrialtir fXarasMnfe 9»ifa«r iai9«8ti< 
OftB b« ttMd ott a l l M t a r i f t l ^ but iataots oaljr mrtmtm 
Bi« ttltrasooie refleetdMoj^ la aowttaaa 
tiaaA <%a oraeka aai turiakaiia aatit iaa la larira aaatlMst 
A f la t atipfftoa ia 9t$p$.v%A oa tlia eaatiair airaiaat whi#i a 
qtaarta aiyatal i a ^raasaSf a tiiia f i l a af a i l inaavaa fOOA 
eaataatf Ultrai^aio vibrmtioaa ara aaat taroa^^ tha aiyatal* 
aa4 thair raflaatidaa fifaa any fi:iia mrtt^-m ^tm pietiad ap 
aadraaoriaA oa aa aaaillaaaata* m& ^daitioa of tha 4afaat 
witnia ^ a oaatiag aaa ba fsaad aeaurataly by a oallbratai 
aaaliag «r*taa oa th« oaatllaaadpat 
5« I tMt r t f t l i t ^t!tlrrt * ^^ ^« ttta^riLjf alvaya raqatraii 
aotM tlaaa I t l a aa axtraaalf ar l t loal raqairaaaat* Xal t ta l 
aaatlar fraa a saw pattam ara aaaallf aarafullf aaaaaraA 
ia a layout rooa to ba aara tdia aaatia<i aoafaraa to blaapriai 
apaotfiaatioaa* Aftar oaatiaira ara r^uai to %% aoaaiataatlf 
withio tolaraaaaai ai^ at aba^a mt^im for proteatioa aaatra] 
Oftaa alaborata gan^a ara a»«<ilally aaatraataA ta yarvit a 
rapi i «liaok of partiaalar aaatiaf Aiaaaaioaai^ Ibiriaf a 
praiaatioa raa* 
bu 
It; If? «^ w'^ ;-f? '^  " C-'f-tlo ^j^',rftGt!^r-ntl<j aad t s 
ttutnlj^r f«f bt B slispX® " arltiisi^tic^^l** aTrtEi3.«»e or I t nay 
btt a '*iroat atiio squmr©*' stv«pare« 
«m@tl(if mvtn.9^ tinish&^ /^ary frosa a^DUl 90 aier'^ia^iea 
far fRi99th ipXaoter aoald^a Gastlnfs t3 9Var 500 aioroittc^os 
far hsavy eastlrtifs afcads In sraarso w.na* I'h« dsffrts-J of 
surfaoa roa^fntidss 9Q as oast sarfnce i s d9t;ttraifi#il by visual 
co^parleoii with oust Qtandiardlt ^r by i^ sa of a diroet 
Sdadiifliif surfnett njaiHiaasa indie l;sr (£>ro£ilo«at«r)« In ttie 
l a t 9 r cass a sty Ids i s druvii eas^fuily avsr tbs lurfao* 
en el3ci:rafiic pia^ap tx^aaiB^as tlie aii'ttaX from tne ey ^'Stylus 
iBto an ft?erai?s mrfrKSQ roii^a^ss raaeini!* / i fuai 
e33pari«b« { with a staiiiaril ) in an aaaqaats qtialitj^ -
ooairoX ohatic for no at mM Qu&tiQif9 but tr^r? Mooth* 
iHirf 69d tkittd oaniiiiiFS and i^nator or iavestveat oaetiai ' 
raquir tho am t»f an f^utoK^tic indiimitar to accar&tely ntBAfm 
ftirfaoo quality* 
agr'iijR mitt%99 ^^'i^m^m ml ,^faaUf,.^irtmm ittUajg > 
Brlaoi:i^ Haritiees tost > 
mis too t ot^Qoiste in fsroia^' a stool ba l l 
of dioKotsr D usaor a load P iota the tost pioeo aad 
tmamritiff the ««^9 iimS'3t«r »f fih« ia'S«iit«ti9« 3Mtt &• 
th« ra??"•«•« stfttr r««»val »f fee iiaSt This i^ riMXX 
ar«« f t th9 isa«tt«lio«f Bils earv«i »art«M 1 * • « « I M < 1 
to b« f9rti9« 9i i^9 i ^ t r « 9f aisMf^r Dt 
fit* 8ritt«U li«rdM«s jMii^ b«r i» ftifm by t 
M i a 9 '•*' • 
A 
A « araa bf ooatael bs^ wdta the ball asA ^ 9 
luatatatloiit In sta*^ -
!%•« th« mrt&m s^mm of iniefitatioa 
2 '^  
1« BaLI t OittMtsr 9t tb« baU » 10m i OtOCHSai 
•taal viHli • hariMM bf aUMst a^ KIVHi* 1% ibbiaA 
9»Xiiii«d and )tr«« froa larfsM dbfbett* for 
altt«t«i«« •«! brasti • vaxtma l»a4t 9 • 790 Iff 
5V 
2* :i:g,Rl.Ritgt • 
iili9r« ^ « diuMter of ih« baXX la aa* 
4» BlftMUr 9f ia«tt%ftti»ft iHdiiia b« MaturvA In tiro 
atr«otl»«» • • m l %» •diHi 9ll)«r « i ^ »« a^ ttrmior 
vHh •rocs %mhX9 aoi oalliiratoa «9f%«irlo« oerowo* 
flio toaotio loot ot aaotUo o^toriolo glvoo tiio 
toooilo t»roF«rtlo» X&ico toooUto otreonitit f ioXi t^iott 
proportloool l ia l to olofifat&oii ood roiiiotioo ot oroot It 
to viloXi opplloi io tbo tfootfftt of a&torioi.o for oirootorol 
aai poooral oorifloorioif yarpoaao* Duriii/i a tosoiXo tootf 
tHo ofo«i*Mtt to oobjootoa to frrs^ dtooU^  loeroooiof 
toooiXo poll ttotU.1 It brookot 
flio «o«i2l«o oool for tooflllo toot oooolot ooooottoUf 
of o Aovloo for apsOyitr o otooililir iftoreaaioir Xooi to m 
toot ptooo of ootf^if mo Sortoo for oppi^ltir ^o ioai or* 
oaoftUjf ofo o byinuillo tirpog Oko looA la loitootoA oo a 
Mllbratoi ilall* 3lio aatortoX wpooiaoa lo firaif iioXi la tlio 
irripa of tho tootlair saofcitao vi^sot sitppajto viioa tho loaA 
X* 3* X* ( XI ) ha« r«o»Mic»fi4ed m^&mX t»al rs>d»« 
• t1t3 
• t t t5 X 5 
• ^$iS Ml* 
'•4fi j g u i l l f i t i t i itfti^fHrillffi t l ^ i g I t l i f taal > 
9f thft QftStilfft 
nri^l of aULf Bolml* osfttr&oi t 
I f 0« ooollvf ift «!• l lq i t i i «6eto« 
f» On trM«f9»l«ir trw tho U<|iii& to tbo tolld otatt* 
!^ » 09 oooUft^ itt tho aoXid otnfo* 
I t s t l t i ^ tastlsff « a U ^iwo of tli«M «&«tr««tio«t# Mf 
b« ooeiiri«jt oiaatoMiottaldr t alttioy^ tho uMfa «ao» io for 
ttio U ^ l i Mtftl. to l»o ttolfoni^ at «^ « fro«sl«Mr to«»oratairo 
uti iU Ml^iaift^ttOA oooiiro* mio lo t»o«uioo «tlio lo to i t M a t 
of frtoslair to«io to anootH out t^aperatuM irarUtioao tbat 
ard noraally proeoot U tiia eaotla/? dttriOfr oooXitf* fHaao 
I) J 
o^atraotlt^a t f !ract(i ba te %& a« r i ldtma £9e ia d««lirittM 
fCi,^iHi *,i.lfittgaliCf i„i^tft ' 
t^at m ^ aUsf • fr««M »v«r t, tsapsraturs raan* nittiar 
^a« at eott«taft% Itaparatarat^ Q^iu mmns that coXia aad 
Xiqiaii wtal ona boHi ba i^ jr#8oat la a irivaa part at tia 
aaatitt* Vhat aattialXf baypaae i e that tha Mtal atarta 
to fraeaa on tht M%stl« as tht fraoEia^ pratrtaata 
iavmrit HttvavAft m9% aU llie It(|«Jia aatml atellabla atar 
tlt« o«taii« fraataa lM»4iataljrt ao that Itqald Mtal la 
fttUl pr«fltat ta«r«t avta tnoairt} partial aoIiUfloaUsa 
hav* prafr«aa»4 ^•m to tiia aoatra of tha or^otlaf aa la 
soaatioMi by stotabaatr { ^^ ) • :mo fraasimr aoobaalaa 
•91 ba thoaih of aa a «&•• Itica proi^ raaaion of tva 
advaaoUir froatoi oao roproaootliiir tiia ba^iatat of fraaalat 
AH tho atbar t^ a attd of ffaoain^t^ i^ & «pr«ad batvoaa tk^m 
frtata to aff#atai irroataljf b| aooltaff rata aafl aXXny 
ooatooitloaa maa» f»r ^ra a^tals tho tvo froata tMrira aaA 
a ikta of aotaX t fro o ail air aa aaaoatially oaoolli taiarfaaa 
td tuo llq(kli« iyro«a aa fraaainir proirroaooa* Fttrtliar aarot 
Sba aoXia aataX forao aa a m>iaf traaXiico sroatbt aal 
taaXika a fir traa la ai^araoad aaa ataaiod by fttalalMaar (12) 
fbte go oftllaa 4oftdrit|a atruttsaro provlAoa tbo poasibllily 
for oatrappiiff oaaUl taXoaio of Xtqaii! astol that eaa aot bo 
proporly foi froa tha latorlor« Viboo thoao laoXatad patolioa 
9f liquid s«taX n^atr^ot on frte^iniry a vsii i s 6rdat«t« 
fhtts ft #^ *tt«rmXis«a i^ ^rosity say dO;>42r a^a»« tb« oasttftf 
l« a«8iffW(l «9 pravidft liquid mt&l to £111 tuciit r9i4«« 
fli« ftp^oiflo ffravitjf of t;ti« m%®X in ftlm a faotar bar** 
tor thOM Mlftlft »f iEiipnor optolfio jtrantf» llk« •%••! or 
liraMp tovftl»9 ft WQh trftator frft&wrft &•«« at ft plYftft 
hftlnht Iteftft lliiiit • • till ft Xika ftlii»lftiii« or ftft^aftiiiiat 
•ftkittf i t •ABi9T tft foftd tlift sastiapp* 
Bftftftiiftft ftoliiiftemlisa progroftftos fro« th« 
Otttftiaft t9 th9 oft««r« of tkio Qpp.tifktf Pvftfntmmitm stitifc* 
it»ft»'h»ft ^ift aaftfiftr of £r«««ti^ hao boon rofforoA to ftft 
r^oirrftftftivo ftoliiifieatioftt aofortuo^ul^, tho tor* ii&o 
ftliO booo ttftod with rdfroftoo to the pr^portloftlftf and foodlfti 
Of osfttiQfTft fto that ftoetloo soet aiotaot fro« tho Mtal 
»apply will froofto flrotf wi^ BOllftifloatloii proiiro»olftt 
1« ft oftlfom Mttftor toward tho risor or ho^ ido wtilois oorvoo 
to fttrftlib tho tooossftry food aotal mm mrloKoir* tft)e«ai^«o« 
Oio oftljr vtij 1ft mim dairolo^aott of voldo 
duo to wtftl #irltfMffO dviriftf •alldlflifttloft ooo Ho 
protrofttod Is ^ yrovldlftx ti»o ooaotrxst m»»ws3^ 9t oxtrft 
lipoid Mtftl for thlftparyoMt Hmo If ft Oftotiftff i s oo 
proportloiftl sad dl<«^ ftOd vUti ro^poot to tiio foodl^ pr 
lyoto* tbftt ^o aootloM atftt dlfttft«t froa tlio mvollftU* 
UmU Mtftl v lU ftOlidKr <ir«t« tuort irlU hm m mtooftolvd 
6^ 
aat i l th® h«aYi«»t AQfi l.a»t to frsoe* weti»« Is i«ft«b«4» 
Tills is tiirs eas bs f«3 by sxtra reasrfotrs •$ «s%ftl 
providsi for that purposs asd refsrrsd to as rlssr sr )iss4s* 
%sss rissrs or bssfls srs attsi^sA ts tht osstisir at tlio 
rtfilit loesttoso asd is a aasssr ss^i tuat tiisy ess 
sosttssaUjr ss»i4f not l i q s i i M t a l t^ ths stirlsluiiro osstlsff 
HStU I t is sosy&stalf sol lAif is i* 
lbs soll i if leatioft oharaot rstles of esstiiMr 
sXXoys Mst bs aslMirstooi Hi i^Hirasrs to sssurs tus i^ ropsr 
fssiisf of ssstlsff «ui4 ^o fttrolA asfssts that ooosr i f this 
ftisiaaotttsl. Hsbsiriottr of Mta is goes iisro69imiss4« 
ilsds^rssHXs iferitttaits sroso f em^st oorsor asfsotst MISS 
sffsstSf vsrysfs sts« ars footers that oas bs ssrrsstsi 
ky »r99sr 4o<aff«* 
^*^o* fiHiffliiiy iiltiBSMirfllHiHi * 
ifstsXs that is to9 sola viXI dslf rosaXt 
is isooapXttsly filXod sdaias (aisrutis) or sola tfists (XasH 
of fasioi bsttisss ssvsraX ^r t i^os of satsX sstsrisff a 
•oaIi}« bat any fora l a i i ikolla t as wsXX lfS« a portioa 
of ths aotaX v i l l soil41 <y l« tiss Xsdls whitk fsraAsrs Dis 
XsAXs aafir for fsrtlisr sss aotiXX ^ s MtaX is rsaoirsi* 
I f ths ts«9sratttrs i s too kilgtit tits «®tsX asy psastrata tlis 
aaai « oaass fssios of tiio saaif srsats axsossifs fsroalty 
sbsorb too MOb fsa* t r ififs a ooarao fraia atrsatara ta 
tbo aotaXs Assarato tsaforatttra iwasiifaMSt of tlia aotaX 
b.. 
"3suit8 t i s u prnctiee tiiQt i s ami to furoiiift 
iaforsatioQ eet'^sblloiiia^ the proper psurlair t««p«ra%ttr« 
rnnire for eadi casting* 
Bie aaltiiii? p^int 9f AXa^iaiaa i s 6530 , 
whll9 thas 3f Mufslaitts Silk030 haraosr la aboati 
640°3« Pyromatdio ooatroX I s osodntiaX in &la«iaiaa 
n«ltiiii9* Suitable eaatiof tesipernitarQ far a par t loa la r 
iofiisrn of cnstiapr el^i^ali b« oaatf as far as p988ibl«» 
at th« Xowaet tasporatura a t # 1 1 ^ tli« seotiDa oao 
bo run» EiXlswini^  nir bublloo :ind dross to a8oapa» 
beoaass rapid soi idi f ioat isn f ivas strda!* and soaafl 
alusiniuo oastiair* 
K^aadio (13) h s etioMn that t s a s i l s 
8tr@fifth incroasss witii inoro- 8@ ia pouring 
tesperBtura, roaobad aaxiarua and eonsiquoatly dsorsasss 
with farther iaoraaee in poaria^ tdaperataro sod 
a t ta ins a tsinisua 7alu8« 
e a 
as8lir09r« in til ls mm^ tiic fsandry^na way b« rtqalPtd 
13 aai a l l %h@ t&Qhni^t^^ ••oal a b i l i t i e s avftilal&lt 69 
pr^dttoe tti« o^stiaf act i t i t t %&«th@r tlis dtasipra i s & 
fsvMrablt or an anfsKfsara'ole aa© far fouaaiir praotio««« 
I t i e 5f GoariBO a aaiqii9 aa^Eata^9 of t^a oastiaf prdooss 
that ai^ ia t r ioa te mapo may ba oaet* gftont lidwavar, 
several lissi^ae ara potsibla aai) di^ of ^ a s a aay &a 
especially sai'.®a to tht Gaetlair pr:>oaaat l a «aay aasast 
i t i s psjeeibla far th® aa8l*»n..-:r to a l t a r t^astruaturaJi 
chnracterstiea af tha psri m thfxt a battar ar «ora 
aaaaoaioal eaatia^ sajr ba prddtiGaa witbaat iatarfariapr 
with faiiotioatfiir af tha part t Iha l a t a r sltafttioa t a aaa 
whioii i a 93at advaalafraaiia la alXt tha aaainaart aaar 
aad tha foiaaaryttant Oiaraateratioa af aiaistia aaotiaa 
thiakaaaa # dIaaoaianaAf aacaraoi^f variaaa allamiQaaa 
oaadai t proper vahbinir» Ximitiaf aliapaa far aojtadaaaa 
aad oaay othar faatars af tha trariaiia oaatiaar 
prsoassaa aaaa ta ba kaawa to tha aaeiiraar* Ihao ha 
caa doaiira tha caatlacr aa that I t v i l l parfam I t s 
fuaetloaal raqairaaaats aadi s t i l l b9 a j^art tiiat aaa 
ba aaanoisieallf and fayaara&ly oastt 
G'i 
aesttMd t9 h% df w t a l utiiforaljr tdttftit hM»f«MMSt ^Mii liRVlttv 
&*nftf ft MrtaiA at#iattioai etrsuflii* strtsa tt«l.«a«tl»M 
mmiB with «!• MM» a«8ttia>«ldttfi ^ e £a$%tifti r v ln t l t t li«ti«««« 
th^M «saa^ftt9«B saA fr&otioaL oastiaire 1«P«A4« grtfttXy •« 
tht Mstiaf d««l|i«« fwiMbFy 9ViketiM% «aA lli« «ttl«ff» »f tba 
9f I t a «»^ftai«Al 9i^|^rti«c Is fi«ad«A l>ttfdr» tna Miatlan 
oan b« i«»t|r««a for atraattli* Ht^aaioal prdptrtiaa aaob as 
taa^la # yial.4f «M99^aeivat loraioMif tfiaar^ aai i i^a t t 
atnsft i t , asdlttra&ai I t a i t n&ti^ •aastt lvl l f f avaaf obavaatt?* 
• l iaai liftHa«a«| tH^tnr^At ta^arttsra atraapriAii aaft 
mdttlaa af a l a a l i a i ^ ar r i t l A l I f a l l aaai «a Hava qaaatlta* 
t l t a valaaa far Ilia eaatlaf aU«f a I f Aaalfoara ara to 
aaplif aaXetilattaaa aad aaylrieaX 1<i8iffa CaraaXaa* 
Htm 8wn4tng m glftiirii I 
juaak &£ m%»X aaaadaaaa i« a aaatiat la aaa 
raaaoa for X9%mr tliaa apt|«s« nei^aaleal. yropartiaat flia 
foaalfyaaat l|p aalair a auffiaiaat auaiiar at fatiadsy 
taabalqaaa aaali aa fa l l a t t , ahillat ya i i ia t t aai 
Hiarwa uraAiaata aaa aaaalJf yvaiaaa a»«aiaaaa afaa l a 
Go 
;i9«ayer» I f o«rtala aeel^a prlacipl-as ar® obmr^mif th« 
m§§ #iQgf .ftfll , i i f f ,<l,g.tftlfliM1?,„»ag.,l,a).,-» 
harnfal to isatal prosHirtUs* Cart l ia sriapdat bsoauM at 
tuotr i«ifl.ii«fi<i« da h«at txtraeti^^o luetnir sdiii if loatldAt 
eatios is adlajr«4 at a partiealar locatiost t^at aaettoa 
triU. sbow a ahrinica^ eavlty anieas adsqaatoi faadinir fro« 
riear aoottrat 
;^lf,l Itira 1 ^ 
B9t taare ara aaotliar tQvm 9i aataX littaaaadaaaa 
iavaXspad aariaitf or at tha 9Qi di Uradsiair of l^a oastlmi* 
Som oaatlair alXof a hatra no taadaas^ ta iiot taar« t#hilo 
othara dot Cjotraatiea atroasta prodaaad by raaiataooa of 
tha aottXd or o^ar porttoaa of ^ a oaattair say baeaaa 
Xar#9 enoai!ii to eaaaa rapture (taariaif ) of tha oaatlaii« 
'Iha iaollaaea of taarlat ta rtSuead by havioir a aiaiwia 
of a areas whara aaed la eD@£4ttaXy or parttaXXy aarrotatt-
dad by aetaX aad by aatf^ra diatributioa of aataX 
thiekaaaa* 
o 
9*»Mir* v ^ t ttirdttf^ vi i i^i ^}.t«ft «a$»l •Qt«r» «ft« 
2« spm«« 
i ) 1!&t F&tiQf shdoli 99 iftStliiitA Ih&t I t «V9ldl» wiiaii 
or oor« cr^aio!! iiy ^t$iiti&f MtaX f^Xoti t f nii l t l i la 
l^« em^ltf ans i t fo l i i s f Sirttdl ii^lBii»a9«i 99 aat i l i 
m i l e 9r €9^99* 
i l ) B l 9 fX9W 9f MtnX t9 ^ 9 «9Ula <mfitf iHaoSli 99eiir 
with 99 «ttt l«l« 99 »99l^^2« terblti9999» 1^991199 I f 
t«r&ita.9A99 l 9 9S99#Hf9* lfe«> 99plfmtl9ft 9f «9)l]>i 19999 
VHI 99fmt Ibiflll t r i l l »l£iiiS9 ^ # @0i$99 M l a l t fll9 
9]di99 f 99 t9r«9i t 999IUni^ «9f9 or 1999 99«9il9«9lf 
tt9m tsm ml% 9i i i f9v« & ir999» f9 pi^ui» ftr999 9r 
^9y t 1^9 ff9ti«f i rst99 Hast 9 l i9 i99t9 t]|l^lil9999 
^9 (ft) 999 9£ 9 W9ll m% tll9 99ni9 ilft9ft 
(k) af9iii9flr #^»il» fiiiattf99 Ift i l r99t l9f t t 
(9) f l l l i f t f ttl9 t99illd at ^ 9 I9«l99t f 9 i 9 t t 
( i ) M9ift|r th9 99ti9li9 9l99 lA|f9«9 i««« f i l l i f t f 
th9 99l l l i ( | 9 i ^ l f Itfhlltt 9a99n9 i tllftt M t f t l 
fl9v in l^sittar* 
(j\-
fhim 9ftrt i t •aa« oil sr ia tlid t9p 9t tli« BMlt* 
«9i««a at la l fro* lh« Xa4l» is pdurad i« tha f M r i t i i )Nii4a 
ft«i f m h«m th« Mtml tX&v» to yari^iit parts »f ^ a 
«ttiXA« M»at iapartaat aapaata 91 aap ar i»aaia daiAna mra f 
U ^ ^ Mat ba larfa aaaa^i s ^ tiiat tha natia^ lyataa 
oaa ba abdtikad rapidJL^ ani waiBtaioad fiUJl* 
2t '%ay aaat sa daap aoaa^ is #ars&it» vartax faraatiaa 
aadl i 
]i« fhay Oil St i^ pl«ao4 la a ^.c^^iti^a auab that tiia 
iail.a ena ba braaalit aaau^  ta i$ aa£ ^ a mtml paarait 
ia a at^aiy » aatittr<.<»at eiiaas* 
taparai apraa ara uaod ia aaalliaip# Hawavart far 
tha l i f ^ t Mta la taiarod aprua wi l l al i t t iMta aapi'atiati 
gi air fraa tua ayraa aiia ualle iata tua satal atraaa* 
A aida wall tapar 9^ ab^at l/4" par faat af Jpraa i iai i^t lia 
^•^A aatdf fraa a iratiair ataad poiatf i t ia iaairabla 
thuii ^ a a^nia ba aaaldai harft aal alaaa rathar ^aa lia 
oat with apraa eat tar* 
aaaoar I 
1% larta anatiaira* a ruftaar amy ba aaai antab 
takaa tba valtaa aatal fras «%a ^n ia baaa aai tflatrlba* 
taa i t s H ssfsnO. iMitas sroaiid tha aavityt Haaasr say 
i O 
b& X^celdi dl%h«r io thd eosp® or !» tli« Ix^t part 9f 1to« 
•ouidt £^o»a»o@0tldttal ar® of tho raai^r « ^ Ii« About 
four t iata m9 wr«« afmi« 
gglf t I 
aettes ftr« thoat paaeRira wnjrs wnloh atttially 
Xaad t i«lo Uia »»QXA eavitft Bsttoa fattof t« fiaai i« 
this lBf««ttj?i«%i9B# 1% hotttm jfatiMf ^ « Mtal' attlwrs 
tea ^istlaii aatlly at tlia bottost flia aaia aivaataira iv 
»f ftittair ta that aaali ara^ta aad tafbal^aaaa ia tiia 
•atal. fl»w are alalaiia* 
aaasara aatf i^ ataa ab9al4 t»a ieatfaai to 
obtftla tha fall»¥lar cttajraalaratioe t 
1« Abaaaoa at eharf asratre »r ahaairaa of aaetiaa tbat 
•ay l<i«l to tttrbttlaaoa 9r j9fi» ^atrapaaatt 
a* ^rofar vaXatioa batwaaa ar9a(i»aaatloaail araaa at tiM 
aavaral fataat lMt«*aa fataa aaa raaaarat a ^ 
Hatvaaa tiia maaara aa« tha apnia* 
5* Bt9fr loaatioa of tiia nataa to aaaara adataata 
faaiittf of law»«al9ol% aatal. lata tiia aaali aavily* 
ma irataa aaavar tita a»fM v i U Hmm laaa aatal 
flavlfi i tiiro«ili tuaii baaaaaa of hi0%w tal^aaittaa a M 
lawar praaaara^ Xbia t f fact i a iaaoM^ratai t f 
aiaia aa4 i«attroo4 (t4)« nitidn #iaaa tiia yrayartiat 
tn 
3f liquid vhich £l»v@ i^i^ du#i gat«» «ii$»4jpittg « i»l.>«il 
vmfltiQjf* Ift ihia iftslaaMy tii» I>ata3. •>?»« ar«« to t»%«I 
nitttiMir ajc*9ft t9 t3i«&l |r^ «« arts wris 1 t 2 t 4« 
gftliag .gasUMi .l^ cgtBli Mn, #ll,iii,.^a1ti » 
J^ Xth9ti|!ti the prtiiarir foa«rti3« of tht ^atiiif 
floroioa ! • to mt tho setisil iotd a ttsuldy a ftoostttofy fSf^ 
POM •ay t)« to fot It Into tuo umX^ in oii^ a wajr tkioi 
iiruCtlOttal a9 l i^ l£ l0^$i§ l l OOOiiuB* 
Jm of poaHQfr b@olti3« atraltior eoroo «•€ 
flttltmblo di^ sssr i« « fifelii^ i^ Di£99 holpe to ftltor Ottt 
Mlaw &(ul arose fro« th« ^^tiil. c:tr',>8UB ^ofcro i t ootor* 
tbo fDOoia eatfiiy«> la ^m omm af l i ^ t aotal. alioya* 
tho dit^floultloo nr9 pf*w «ii>.8t rrsstoar ^att tor 99p99W 
9r forrose ftlXs^s ^iuQ9 t^%m im w» l l*; i« difforosoo 
io t.poo;fio rfaylly t9t«»«« tho l»paHti<»t «•< tbo aotal.* 
^dlarfoaeiito in l^o f$oAi)i,<? aretes to rodaoo teo volooltf 
of flonf tr soootal tf^fle^o oiinh is Hio t/^ ilr]. iat«» ulitiii 
imlrlo tho ji^ao aa& a]L«^  into tho oantni of tho rlaort 
mr« 9th9T imn^nv of eldasla^ l^ id li^tal* #9r aliialotttS 
oastlajT it haa b«oo r@ooow»a4«d Ihat i:h« maoor ho plaaoA 
Itt the dr&ir %lth tho ift«Yato in tho cept :f tho soaXi to 
}"e548o tha tnolaeioa of Irooa la "Sho itoaia catritv y^ 
yrulia fttia ia&twioi (14)t ?or ior7.Hio aotido* ott tho ottior 
aaod* tho vovoirao olt«atio« hat o^o« oatfootoa mith tho 
raantftr la tho oopo aad tho in^to i t tho «raf* 
i t i s quite obvieas that oiia^ide itt iosiirm %t ^« ffatisg 
«r0t0« to rdSaoQ eaut* wi^oat aTfeetinr th« qisAlitf of Hi* 
oostiftir ftr# 89««toi«r tor imi<^ on® e^ otil>d strivot Qaito 
freqaoQtlf i t io fotioH that m9» s^iifioatidfto in ^rattioo 
m^ KB « for •x6a#Io# tbo ieoXusi^a of A «^ill ift o 
otrr.t :^ i@ locfitioQ Miy irroatla r^oditoo tho asoatt of aotaX 
rsqttlrcS to fas A a oaetiair* In ^ther ia«t@«o«o« i t aoy 
&& fottftd tbat jirstisiF ia & p rtioalar Xooatioa wiXi raaalt 
i s MOh frroatar aaao of raaeval of th« «fi^ a tiiaa if 
lo««t«<! ia taottiar ]?©rt t^ f th« oastlsf* Thora ara ao 
aaoy f«iat9ra ia aoaaootioa vith aa«h aotel aaA aaah 
partioalar oastiaif ^at i t ie ^%%Xk atoaaoacy tHat aa«li 
partiatiiar Job ^t ataii^i ifiiividaitiaaf wilSi tlia viaw poiat 
af iaprovitjsr l^a ivatiaf ^retaa to aobiava a qaaiity 
oaatiaff at a aiaiana eoat* 
i U i t > 
Dia priaarjr faastioa 3f a vlmv ia to faad 
a9«#3^  to %e caotiair aa It o&lidiiiaa* ia soaa iaataaaaat 
i t im^ also be a!>Qsid«i'^ ! na r^  par* of tha fratian ^fatatt* 
%• rleor r^ottiraaoata dopaa oonsiiarabljr oa tha tfpa 
of Vftnl taiar poared* 
If lotaL ia tha rimt ooaXd ba kapt voltaa 
la4ofiaita]hyt tka oaljr aotal raqair^d voald ba that 
{ -J. 
naoosmf? to 09@p«Qe»t« for ^ Q ootitra«l;l3« i« vt l i iM 
uccyHfljir iurtnip ©oliaif I cation af that i^ art of Hi* 
castitr th« r is t r is intttid®^ to fasi* Slot tttis 
49rtrm^t 8ttii»tioe 01 Q a&t; bo x^aLisod ^^otteai lyt Hi* 
«ftxt eutteidtorstioB i s t» f aseiirii th r t M r so ^At i t 
•tays Ml.ton l»«ir«r than tiio eastiop* As iotair &• tii« 
r l M r «iii aaatlBi ftr« 9»tir«a is th« S 9 M •dalil im 
MetterioXf tli« rttXntiv* •dlidlficBtisQ r t t ef r tc t r «ai 
oaattiMr oatt b« 9»t»rsiQ«a b^  a»i^ I:t l^Bir Cbir9rlodir*s rtiXot 
f^ift m l t Btfttoft that th« edi ia i f ieat ia i t l M la »r»iNirt» 
t o i ^ t9 tla« aqittftrtt »£ the VOXUM df ^i« M t a l aaa 
i«v«rfl»l4r pr9Fort|9M]i ta ^ a o^aaz^ t f tiM wirfaM 
sTMf or t (89ildlifioatl9« t ia t ) • ^ ^ t 2hits » » • laan 
as this ratio f»r ^ o r i i « r is ^r^^ater thas that for l ^ 
aottli t tho rissr tfioull f9«4 the eastioirt 
liflir mm,» 
Sioost seoorAimi to Chforitsv'e rals» tts I tvsr 
ths eurfass area psr noit iraXiiM tha Istisr tha aai idi f io 
eatioB ratSf a riser s^ ouXa bd lesiprasA to five the least 
ssrfaee area fper aait rtltiao* saoh a ih&pe wottlA be 
a ^^•t% f I t ia a^piyreat that aphorieal shayaa ia vast 
mssB «o«ia be diffieaXt t^ sstiii »r to aee aa riaarr^ 
heaee eyXlMri^aUy aha^i riaera are veat re treqaeatlf 
saeAf 
me diaaetdr of a top riasr w e t be tery la r fa r 
Ihaa that »f the fltaatian ai^M i t voalA otberwiee aoXiAify 
•aAnf fhe hoiitht of ths riaur liioali 1^ aliottt 1f5 t ia ts 
th& dliaattor v l ^ one thir^ 9f i t in th« dr&ir aod tir» 
Ibijr4 U '«h0 03p«* Adtitioftid helitit i s no aava«t«ir« 
ar««« ftfti «h« •JEtra M t a l is tHat mvl$ ft^iinir ^ « 
Xov«r ]^ r% 9i t^« r ia t r * 
k r i a t r i r i l l a»l faii«ttoa 9s^i>9rlf aaX»6» i t 
i t li»Mt«d ift ft 9»«i«l»a UMit w i l l r««a.t i9 air««titt««X 
• • l i d i t i M t i t * I9war4 i t fraa tii« oaatisn* flit ttt«b«r •< 
r iMrs thftt Miftt b« Ats i rMi t9 a s^d i f ie 8a»ti«ir triU. 
a«pt«d ttftft !i»w miv of ^i««i airtetiftSftX path8 Mist 
b» ft^mtiftif t» mmw mmnAmiim* aaljr bf :fiMri«if botli 
b««fy Mtti9ftft tfitti ft r i c t r graatftr ift iiftsttftr tbftft tb« 
iiftttvy Moti^ft fttti Frtt^ftrlf mAUmit th« dftstiftf t t 9rftB9t« 
Airftfttiftfttl ftftXiiifieati&ft i s m smiAi ftftfttiftg dblaiftfti^ 
wmlilii&JS«<JBlltiwC iiili3bfcJMMiinif*BiiJi» 
Siaeft r«^tio irstiAf lavolvaft aparftt ntaaftra* 
aftd iftr^ttft ftft OM uttit i t la vaU. ta amaiaa thair 
iater*ralatioaclii9ft* l^t ftpmat batair tha ftiniaaa avaft 
•arltadly Odatrola tha rata af fl»v« far a f l w i ayraa 
piaat tha ariftea eoaffiaiattt laaraaswa rapidly at th« 
xmtid flbaftfraa from 1 f 4 t 1 ta 1 t 4 s 4 i a tfiaftga 
ahiah liiava that tba a^raa haataaa tha l iai t i f tn ar i f iaa 
aa tha iftfataa ara aolarffadt aaftaa ^ a flaw rata 
t O 
» f 1 f 4 i 4 * l f jTstlar ra t i t ar@ «ati i« vlii«b His Iftim^ 
tn^m ii««Q»l9«8 b«t9»« Ilia 9d®t ia^^artatt l« lftfa.tt««8ti^ 
fllsw«0l»«s w i l l th«tt af£tt«t thd flow rsl« iriittte«l.lyf l « 
&lit»iiil»« t i t i s asi»9lfHi&ld t9 bav9 Ibd ifipat* £ttiiitl»tt 
« • «p« eii&li«t stae* tlasy v i l l «tiyis« a !i«% •££««« r t t a l t l i ^ 
rft«l9 «* irallAff 5«»i|ia8 f 9r ttlaaialtMi ar« eiatil At 
atttlMM l«ri»iil«a«* ««i «i»»l^ aatnl. £l.9Wt iii« tins «•«•••» 
af/ for #»irtair ^ a aftstiaa aiiat ba auifiataataor prdlaanai 
m t^al axaaartfa aatal. flaw ralaa a ^ aifaiia4« tfilii paariaj 
tea slat a^nia* ptiaaarst aai lata la aaa fXaa rata aaalgaai ta 
atsld daaa^ad aatalf ina baat T&mX%» la oaatiaa aaiiadmaa 
iiei frtaAM frda iafaata a^a ablaiaat* 
Aa^arilan t:^  latat ( t^) a Hatr ian mr9% aaaai 
t^ a tha liiapa faatar iiaa ^eaa airalmd I f axpariaaata 
eaaiaatal »a A • 6 « N alaiaalaa * aillaaa aUlaf« far l l i l% 
avaraira 9f c^stiaf af fr^fyian ^ ' 9 a iitra atlaatai* 
0ifferaQt alsiaa ofrlatra wtre attaahai to aatfi aftatlaat 
ISia enattnira vera thaa aveilaataa tar a^tiaiaaaa bf aiffarat 
B9th9d8 %"> Aataraiaa tha alaiatia alaa af ria«r ta 
aale« t§(^ aaetiair souatt fhta ta exipreasad as a r i ta r 
aaaif^a aarva anioii er.a l»a aasa ia jpraatioa 19 aa^r ta la 
ttie ataa of th@ rsqairsd alalaaa rlsar* 
( ' i 
iat«Fa«ptad«iit -/iiriebl«tt* a»rt":iii of taost faetor art 
tli# easttair era iiado*' et^*rs art aao Is tlio salar* 9f 
^ t ttottli* tht tt^aXi «a%«H«lt Bauiaiay j^rdet*^ aftd 
•tt i ioi 9f oaetitf 9M of tti« iali9r89% «liiiraoUrs«le« of 
Hi* »9(aX<l whl^ infliioeteo G^ttia^ qufllilf la oo&6id«r«A itt 
the fslXtwIaiif frapha* 
1^ « aarfeaa arai^ df 1l^ »9 enttiairf ftaaaaaaalaXJ f^ i t s 
dt^aa t tatavslaa ^ a «9al.i 9m«l% afaa t&r»ii|^ i^iil» ma 
haat aaat )fta axtra«tai» iiaiftvart Hia a:>ttli iargalf 
dataralaaa ttia imta «« %^i«^ ^ a haat M T^ ^ axtraatad* 
Xta tea»H4 aottdaatiani hoat osfaailiy* aai i^araalaratiaa 
aaali aa alaa # #)ii9« aad wiaaa df asoiliMf raaulata Iba 
tiaa r»%ttirai tm ^ a a^^taa »@t@il %9 aaUiify aai ttea 
aoltdif iai ^ a amstiQ^ %^  aoal. at r^aa tattparatasa* 
Qraia alsat aairairati^at al^tarrstlsaa af Iba »iaPos«#«» 
ataro« diaairia la raspsaaa to haat traatwalf ft«A etbar 
Mta i iar f iea l prapartiaa af eaatiair alldf a ara affaetaS 
tof Aiffaraaaaa ia aaaXlair re^la* Uowavar* liiia palat wllX 
^ a(Hi^<arai a#alft la rtlatloaaHlf ta l^a aataXlarfff af 
^ a aaatiaff all.of a* At ihia pi>tftt i t ariaalt ^ raaajiaiaai 
thttt Idia thanMtL aaaAaativi^ of t&a s:^!^ wktarial iaaa 
vaif aalbataatlailf affaat aalaiXaririoal asattat %aal i^ 
Baaaaaa of ttiaaa ilffarasaaa l« tliarsai. aoaaaativi^ af 
( O 
tilt mtm^ mmk^m %^ froittM &®ai|^ratart ifraii«tit«« 
fvtm m w*9mtv^ p»ttt% 9f irl«if » Hit •»« i i t« f 
«ft«tiftt« i f I t i« t» quality as a iid9S 9fi«« 0«rtai« 
•^ •e l f i t 9r»9ttrtl*ft have !>•«» idastttoaX aad laat iat 
l^roo«i«Ma aio^taa frsa ti^air %i}ii«%itatlir» dsaoriftios* 
I t &8 oaaelaSai I f tti« autnor la ^ l a «9i^ ttiat 
th« tftaliaf daaaltf t taaalla atraauMi aai Briaal i bariaaaa 
l«er#aaaa vilto iaartaat %m fptaa 9«n»ii)ii3lil9 %• a eartaia 
U i^ t f rtaaliaa a «axi«i« iml * i t ^ itareaaa la yaraaa^Ulliy 
aaaliaff aatiaiaaaa pan»atara eXm daortaaaa* l»dw faraaabi^i^ 
aaitaaa l^a aaatlat aafaata m^ aa bloir fo»2i«a aaa plU^aiaa* 
fttw a irivaMoiatitra ooataat » irarioae t^attair aaiaadaaaa 
»araaa««»a attili «a 0&a«iair iaaailyt i t taai la e%ra«f«ii 
aaA Brinai^ iiariaaatf iaafa&sa «ith laer^aaa ia aalatava 
tt» a aartaia laval^ raaoi)48 a asselaaa aat aia&aa<iaaat34f 
d»ara«aaa K I ^ farlliar ificrtaas is •sietttia s^atatt* 
Exaaaslva •olatapa adataat eaa aiMtaa 9lati»laa ar &Xaw liolaa* 
draaa asspraaaioa atraaftli aai ihaffir atraatlli 
alaa affaet »a eaatlap aduadataa* Oaatlat aoaaioaaa 
paratMtara laaraaata w i ^ taaraasa la t^aaa aos#jraaat#« 
atvaafiii a«4 irraaa liiaar a%x«ftirllif attalaa a aaxlMS aai 
t-- • 
eoueiqvieftUy aaerea s^vs with di@cr@a«» ta «9ttX4i •%r«Mtti« 
Dr9|», ^irtf Ciitst f^ ad wanhss eaoli a typ* of dtt£»ot« «ni 
09«p9tt«at iiii a %^ 'i32.« « la a at AM feiard«««« 
providi«a laf3r«atldds sisilar to t^3» •laroftoopio «nMii« 
satiott txMpt thAt th« heof^ iMSB tost 1* sort dlf««t «tti 
ittP«t*f«0ti9««« 
CastlSff aaaalty %9k%m oatiM of Ifttoroal &•£•«%• 
mob as bla«ti»l««« I^flboXaa •«•« la aaay aaaaa iatrleataly 
oaraa eaatiaii ar« aEtraaaly aiffidalt «» aaaaiira aeoaratai^» 
fartiaalarljr t^a iataraal @ae«i9«a* XI ta iapartaat far 
thraa aaia raaeoaa «» aaatiffa ^at thaao aaallaaa ara 
odrraat la tiiiakaaaat 
1) l^ iara #idiili ba aa aaittioaal. «aii#l vni#i woaXd mOui 
tba flaiabad pradaot haavlaur tibaa »«niiaaii»lat 
2) saatlaaa aaat aat ba tblMar ^aa daalir«a4l i t eaaa 
at iatfaatittf frov ^a atraaflSi af tba aaatlant 
5) If halxaw oavttiaa liava baaa ra^aaai la araa bf iaara* 
artaf ^a aatal thtakaaaa oftha aaatiaaa a^ Aaw tf 
Itqalt or ffaaaa tataaiai bf tha daainaar la raAaaait 
Kurt3)jf (9) hea asad eastlaf ^aaailf aad iaat l l l f 
*Xity af aaatiftp as a a^aaiaaaa ^araaatar la hi a atadlaat 
oa s 3 70 alaalataa aliggf* 
Aaaatbaaavafaaaa (10) liaa aaad altraaaala 
axasltattata af alaiAala* aUara y^b (7^if Ot))^  •«•) A 
IIMK {%%9^9 1*5^ aaf OsS^Nf) aa a adaadaaaa yafaaatar* 
UX k mutOm (4) baa MAUi Ilia aXasialaa 
a»atittb« ayta a aifata lalaa af lytOOaat aa a aaaaftaaaa far 
qi,8 ab^9.^.>tt3ii s Mtislttiu® al loys readily absorb tjydro, 
hydlrofsflf ana '^B the solubili ty for liyartpen Incrsaaos, rapldlyt 
vlth taspertitiarii th@ soltea tast-nl ©aould not b:> taicftii astoh 
ab9ire 700 a* rtydrauan i s 3«rlv®a ti^om fei# prodiueti* of ooaOMistlOft 
ana wa<SE«r *?ai>ottr la ftat« fura?AQ« ©t^ isjEfc-iara* oa« yaraal^y l a 
altt!Blniu« OfUAts-ifipa l« ay»3 tsj rnyifs^'^ii ^alcii i s taKoa l a ta 
eo la t l ta Ist Mta ti@tnl wtUli^  I t i s isoXtan i^ddl l® edjaot^d fia t^e 
i^lfoyg^l of (!^ lf.g^ <;fH|.tf^ fy t 
T$i<» ab9«/« dift iotfl t laa ara raaovocl i»y fiaxLn'f and 
fluailiMr* saasous tlaxna aaei t;> i>urg0 %a@ i»«lal laclad« 
altrs^fliii ttaltua, ariroa aad (^Isrliytf £!%• affoot »£ flhlorla* 
I s vsry powsi:>f)aI.f 't^ao I t t e blswn ^rotifh tbs ulloy, aniroaiafli 
#U.orid« and nydroiroa culorldd <rap2^ ura are toraad vsHoh earry 
away bubblaa sf nydro^on aad SElJta frs^a tha alloy* i l i a l o a t i o a 
by ohlorlae i e carriad oat by alauly istibliaf tat iraa throai^ tba 
bate so that there i e a lar^r^e mrfnm area of e'-JOtael batwaea 
the oblorlae &ttd the as l taa n&tal* Xaart ^aeea aot raaot 
aheslar^iy and toiy ctvty lu^y tii® 'jxidt>a to the aarfniMi of ttie 
Motal* 
?lu#.iQf* i s o^rrled out by aicisisifir off eurfaoe droaa 
KOd tnaa bubbliap the fry r^a tr rcnii^ ti the ae l t for tea aiaataa* 
I t l» dlotw «t n teaperature bslov 70o'c t s obtain Miximia 
bi'tlro.wso reaoval* . • - - s 
/ '.> 
Mifti o« «»»•&•••• 9t AXiiBl«ttt« eadtiaifs ti»« tea** sCailtit 
mnyiair M t ^ « •xp«rlwats li«oplftir a l l 9t&«r 9«rftMt«r« 
afftot&oi •9««4Mnt o»«9tft«t* Sftna •i)ap«s att4 • ! • • • at 
trariaaa ala«a«ta of «atl«#r Dra^tts ^Md Ihrattjite attt ^ a 
waft aaa tai^aratara af rotirinf ia alao Ica^t aoaataat* 
tiiaa a« atlaayt liaa ^mu Mi4a «a aarraXata anXjr tita ptiyaiMd 
pro^rt laa af aauXAia^ aaai aaS ^an i^aa thrdui^ h 
«ilttp:^a rairraaaioa aoalf aiat 
4*t ati^ffUffi Bl g i f f in t l t r t» 
fa aiidty ttia aaaatoaaa of oaettanat laaalla 
atraftirtli af caatifurat firisail hardtaasa aaabar aai aasttair 
i t a a i ^ bava b—% ttiaoaaa aa a:^ ttadiiaas 9Araaa%ara aa ^ a 
aaatlft^ iaaa l^ takaa aaaa of tataraal dafaata aa^ aa 
lilai^aXaat »iaiialaa ata* aa4 taaalXa etraaatiit BrIaaJLX 
bariaata aaatoar taica aara of adtiaantaa with atttallarfiaal. 
paial af vlaw « M I I aa aaifofidty la atruatata atat 
4*1«1 
uiumi mmm 4i§i i 
Cbta taat aoaatata U foral i f a as%»%l tmXX af 
Alaaatar 9 aaiar a Xoad p lata tha taat yiaaa aai aaaaatlaff 
Iba aaaa Aiaaatar i af tba id^atatioa l a f t ia tba aarfaaaa 
I - • , 
bjf iiviaiftf tii9 £9«t loaa P l>f ditrvti attrCaiNi &r«» df ft 
far alaaiaiais aa^ i braaat a i»%xi^s ld&4iair a£ 7 ^ icfa la 
!&# aaaiiiaa aaad t^t taaaUa i«@$ t^aMata 
•aaaatial.lf »f a Aaviaa tnse appifiapr a staaAlijr taaroa^ax 
iaai ta a taat Ht«a af aatttlji ^ a aatiaa for m99^lm ^ < 
laai ara itaaalljf af a {iiriraai.ia ^ypa* ma iaa4 la ia4la«ta4 
aa a aalibrataa iSiml* flia aatarial epaalaaa la tiraljf haia 
la tht irnia af tha tvatlair aap^laa «iin»(it sUppaga vnaa 
tha lead la apj^lai* 
fitia taa% Is a«rr|«d syt l>jr aaatirfttaXjr walfblat 
aa<^ aad ^| aa^Kirlair %ha aiaplaoa^at aaaaai bjf Iswaralan 
^ a e&sllaf ia a sultalil;'' f t l l^ i l «@ft®>4rlair jar ar 
vaaaalt 1!^ a a at I air la 9l»t!^4aai l)sr llviaiiMr ^ * aaatlair 
ifalpiit I f ila^laaawat vaXaaa* 
4*U2 WMllillig aiMrtg i t i a l t I n f i l l 
KanXaiair ^ada are aataalljr slxtaraa at tiitaa ar 
«»ra eaaatliaaats* A araaa aaaa fCt.tia|8 eaatalaa alaf aai 
n 
tfmtt.c at well pte «i® prlnclpid wM C3fi8tlta«ist» SiO *^ 
ftot rattaiRlinr 3lll««» mni of fitt« atMs vvm UMA* 
Saal atx rsqaix^ t^ ^^ i" lalciSF ^^ ® «rr3fia ioiftd w>aI4 
la prtparaA ^ throaipaXy alxLaf allio«« aaad with olay ft«i 
vfi%«r ia a AHitabla Blxar* 5 kf bAtefti ef^ j^ aait? Xaboratafy 
naliar WAG aaad for prBp».ti^p Iha e<'mi stx« la «X1 ^a 
aiepariMata o l ^ wna a i^ad to ^a dry ^na nnH mimi for 
? aiaiitaat faXlowad lif th« JaddtttaA of watar aad atjiad 
farthar far 3 ataataa-
la aaali aaad / exay aani^a ^a v&tar aoalaat vaa 
vartad froa 3 ta 14 paroaata 
fkia variaaa phyaiaal ^irojpaniaa af Hia aaai i^s 
aaah aa irraaa faraaabtXil^t ffraaa hardaaa«t ^^^^ daaaitf» 
traaa aoapraaaioa atraairtb» aai i^ raaa iliaar atraairtli vara 
iataralttid aaiat i i i ia dal.a Dialart parvaaHilty aatart 
ffaaa haraaaa taatar aad hydraaXlo aalvaraal mnA atraafHi 
taattftf aaaiaiaa* 
Sia«a aaaiaiaf faai ia aoapaaaS of aavaraX 
aatarialat I t la aaaaaaaff %a six thaaa at«9aaa«ta praparljr 
la ordar to obtt^a aaifara aad aatiafaatoiy roaaXta* At tli« 
8 
rifi to ae certain tne ddsiredi rosaits» Msaitis ara praparol 
:>at 9f souldiiair stiad (dU/-- o&taml s^duldin^ K a^d plus 20> 
Silica sacd ) wttii a if iarent Kafer s;^ r»t®nt« (i^  ta 14;*>• 
fo a t ta in tea similarity in fe® asaia caadit isa aod A^^ S «at 
Tegt 8p(iclsi0a veonditidafif har^aoea tit suauliitai?' i c chooson a« 
Avam-t aj^airi rK^rdnose 'A^*> 'iO I s kept ooastaot 
thrt>tt)8*i»ut th® iQvesttlffations* Csst Si^ e^oifaeafl wer« also 
rntHBad in ttje a&ras :i?:u*d«9si8 to cs^iotftin ©iotlarlty la th« 
atoaXdiair SG«3 propertitos Its tae ^t>ui5 in tns toat sptoiaQa* 
09Y«r#f3 ^u'^ttttl -aluGBtttX wire ai«> sal t bid for Va.iB mtumm^ 
mnt» rh« huv& c^apX» i e eatlsfaatdi:^ i^ie rapid ti«sp«£^ti<4r« 
s«ti»ir»iMittt« k p^arloj^ td«SNirii$urQ 
proptr asoaiit di* vater add raigsiLiiir of t;h« H ad thus favour 
thirisal litfibiXlty a«eurdita«r t? t h i s ti^sf^ (2)« 
sa aany proptr t lae •^ i^ g ififlu9fi<fei by ^ « oXs^ *yr« 
aoa E»9uat la eiijaXdliiir snods thr.t i t t e not p9siiik»X« to 
ooQelder tbaa a l l a*r«f eoat ^Qdp hav9 ^«fi fo^ad ras ie tan t 
to fXov durlni? ssouldUr* Soft .«^ pot8 ana poroaa araaa la th9 
aould rag^lt in o^e.iair tMalXs and r9U9hn<3 6B(6)* Mould 
h^>rda9S0 toeta Oif tha »QuId o;».vlty at^ uc«fttl ia etmdyiair thm 
ttOlfor«lty of mod fXow '1urlii.«f sioalditir* 
8>. 
H«%fia • ail xt ftp- ^ r9&l.««9 »r@ I^s© rtlat«.5 ts m* &l9$ 
diOM oofitrsi »f tns &:>lstart eostent of i^ 9^ 1e>i«ii» »aodl» i» 
ftff«ot*a by t t t 
tiaat Hi* frr««ft oos^rtasioii •tz^i^ri^f «^ r*«Q •btas' atrsoiptti 
l ity «ttl Imlk <«a8l|y it(i«r«««d» vittn ioorwaa* i« K>iwliir« 
«9ftt«ttt ftttd mfeiiftltta « MAxiaiia init e9tt«iqu«atXy d«or»««t« 
grMtt p«rtt«ftbilitf « 1 ^ farther iaertaatt in aalston o»ttt«ftt» 
Ss9«rl«itt» hftvt aarri«4 out bar att«&»r (7) tii»t tor ttii 
pr9p«rti*« •£ tti% M&ail ii^xl«r« wUJl vaty vltb tttt ntXIittir 
of aiJLUrr »f 12^ 0 to 1400 i imi k9 «KpX9y«4 d«9«A4l«ir 
on taditir •!£•# aULoy o9«£»o«iHo« ftftd a Mii^r of otiior 
f«ot9ro# SoiootiOA of llio Fx'spop tovporatfiro to ooooottol. 
to prodttotoir tlio Mat aoolp^blo eaotl«|io« 
Caatisira art ea^ ia la ainaiaiaa aiitf booauao of lov 
to«9«rataro af aaltio^ «•§ taoo of ofaUabUltyt 
All ^0 esottoira aro poaroi at tlio aaaa tovporataro 
(TOO*c) la avoii tho fartatiOM itt ag **• »>»»«'**t»« ««• »^ 
8 
p3«BtbX« f jflAtlon »f ffa« psrdsl^ due ta this faptar* 
^•i*^ muin ftl gaiftrwi ^gr ;^tpi i>gwr?.iitai> 
Patters are th« f ?uQdryaaa*« fsmtiiir tsoX* Hit 
•9ali OAVit^ t nad th«r«€ore thu @<^ fs«l,Q«f » t« aaa* fri»« th« 
piitt«r«» iir«A if dtly »IM oasHiif la d««ir«it i t i s MMsMcy 
t» hftv* ft 9at%«mt tet A frr«ftt ^oy cmatiiipa say IM Mifla frta 
ft starle ?fitt<»r«*^  oiftt«i«iftfr a eiiitftl»Xa paltara i t tHus «b« 
first ift SRkiSfi oaetiiifpa* 
Ua7ert»l typa of p^ tt^ erei -'re t^d iil l^ ouadarlaftf 
^pftftiiftir 9tt tlia oaatlsf r@q!ilree«etat y^ a ^t'tiara aaf 
oaafarft to oiia of tha fdllovia<r tijfpaa t 
1» SiftjiXa »at^ ar&a h9t>m 9»%tar««» 
2ft a&taA pftttaraa i^ooaa , 
5« Mattfk Plata pattaraa* 
4« Capa aft4 Irag pattaraa* 
Iiooaa pftttaraa art ainffle oopiea af tha aaatiair toat 
iaadrparattiir ^^ « ftXl9«aa€W8 »«') aora priats aaaaaaary ta 
r^aAaaiftir tba oftati«)tr» fhay faoaraXljr &M of VM4 aaaatniatiaA 
kttt «af ba B^ ila af aatal t plaa^ry pilasti a«i wax ar ft«y atHar 
aui labia vatarial* aelativaly faw eaatlmra ara aada fraa mty 
8 
900 laset (>< l^ttrft etnee hnai mmliinp I R ^riiotloaX «iti ted 
proMss iff EI»V an^ csetX^* The p^rtlti^ mrtB9% a^ y b« liatti-> 
forma* OEtiof .*iy8t««8 »«• hand *Attt t« tii* eant« Drttwtaf 
th« ?ittt«m free tha asad ts also l^ n® by hft^ a aft«r i t is 
r»9p9i to l90M« i t froa tiit sand* S9afilq»«atijf eftstinr 
diMttttioQt tmry 
WBkSMSm iinCi ill nMuBOMi * 
Q**^9* p«tt#r«« are an iaprovawHit 9« aiifat«d XOOM 
patttrttst fht f^tiiMr i9st«« i» aotaalljr a pftrt ot Hit fftttdrw 
ft«4i «2.ivl«%t«« h&m o t i t t i ^ »f ti^ « r»t«i»«^ mv fmpit aottl i ttt »t 
asRll -^aLfttltitt 9f Mkstitt^s rwvDlts witli this lEffS of pattsra 
••psoitliy «h*a nasi i« 03«|«ctio« wltH a folXaw ^iur4 
9r imt^* 
J0»ew9 <|(ia«tity pr^aitstioA df saaU. eaatittfra raqalMa 
•ultfh plAt* pattsraa or aor^ apaoiaXImfl ty9«s •< fa t tam 
ir%tii9a»at« fha 099 ftQi arapr portioaa oftha r a t t a n ara • taatat 
9« eppoaita aidae of a wood or aot^ Jl pXata eomfoniiair to tlia 
fartioff Xiao* MatOb 9X«taa ara aXao iata^raXXy eaat » l a iilii#i 
aaoo pattart A ^ ^ata ava eaat aa 9aa plaaa ia aaai* oatiac 
i f staas are aXaoat ara aXwiya attaonai to tha 9X«ta* a 9 M 
iaprorai proAaeHoa rata poaattkia vith ttoaaa pattaraa aortaa 
to odapaaaota for thair iaoraaaoi aoat* J^ Xataa aiaa laaiaaaa 
^ a AiaoaaioaaX aoettraoy of ma oaatiour A l ial tat ioft af H M 
t r t ih -pXata pattara ariaaa la tha valniit whiob aM h& luiaiXai 
by tea ataldorir 
hi> 
Q9P9 add dira#r j^tt«rR plnt®8 osncist ot th« 09p« 
8«d clrajf partB of the p-at-.rn a^untoa so aspar^ -^ ta i»lat«8» 
fb« o»p« and arciff hal:/9« af feh^j SDuld T.ay tiia» be «aa» 
«ep«na««i)p bjr iforksrst <»<i aifformat K9uldtftr aaaht«9s« fli« 
irr««t«Xy fcitUttated by this %7pe a£ pattvm •qalpatstt 
3ft»«i%1i« 9999 a«d iraif plmtta ai^ asors costljr typt of patttr* 
0q»liHM«i» but ta is l e ueuall^ aastifloa by iaeroasift prednot 
l&s or ^« B&i£l«i? of X%rf« souXds vnioi osuia not b« teaftdod 
vtth itfit«i) <- 9Xmte oquipwist* sof>orQte pattori 9»X»t«9 
r@qatr« ^eeuratt 4 aXitfuatfit of tho t%Q aotili hoXvts by ••&•• 
•f roid* sioct Ideatiuf piAS aad baaHons la orior tliat t^o 
ttpyor and Xowor p^ artea 9f th« titJiatittg i^XX aatoh* 
AXthdniib tho pattom ia aaad to proiuoa a oaatt«ir of ^ « 
dasit*ad iiaansi3Q8* It laaot ftimaaaloaaXiy ilaatieaX wite ^ a 
oaattaiTf for oetaXXarffioaX uad »iOhnfii€«»X reaesaat a naiibar 
af aXXatwacea oaot ba aa4« oo trxa pattara Ifttia eaatlaf la 
%9 h9 AtaoeiilaaaXXy aorvaot* 
Sbriaicaiia aXlotfaaoa oft ^««ara la a earraatiaft far 
•aXidiflaatioa ahriaiaira of t>a «atmX • QA i t a coatnietioa 
iariair aoaXlair to rooa taafaratara* 'Bia t^tal eoatraatloft i s 
iraXiiMtrie t bat tba aorraaftioft far i t i s aaaaXXy axpmassA 
XiaaarXy* Fattara abrlatepa aXXawaaaa ia tba aaaaat tba 
tfet* pattarci vnmt tm m»^9 lar^r » frd« tome oantlBf %9 
provllit for tets»l eostraotloQ* 
Oftstiai* am mm,^^ ovarelssa to -Toviao at-jok lor ^»ohiiilaf» 
MTtasas td l»9 «a«tiia9a ar® aatlraXy la tjn« drair aalf af tha 
i»aX4t ataoa iiaaaalda^l irarlstloa aai a^ar Aafaata msm 
aaaalXy X«aat ^r i^raXsai thara* 
la tho px»atsaat irsrie irf'taa pattajrae ai^ aaai* la 
irstaa 9»tt9rn the rHtifir »iqrata» ie ftatuaXXy a part af tba 
pattarat aad aXlala taa baaa eutttaf^ af ti^ a jpata aara ra»i« 
ai^ uXAiar ti^ f &««%X1 quaatltiea af cuatta^a rawiXta wit^ tUia 
^fP* af pEttaroy t<» %XXav r&Hd aauXdiOj? af AXitalaiua oaatiair 
%a ftvaid %ha ^aaai¥Ia variattaa af draaaiair aad ft^m mhmrpt^ 
laa v^l^ ara laaari^aratai darian AXusialits oaatiaff 
»Mi»ataitta i s aaad aa aaatiaip aatariaX 
baeauaa cf tfea ottiieroaa A^ a^ismbXa pro^rtiaaa laaXada Iba 
faXXairlai i 
straaiftli » li^rttaaa f aa4 albar propartiaa 
Mf ba irraataXf aXtaraA I f aX^oyiCf aaA /ar haa«*traa%a««l« 
bV 
Properties »f th« »tr:^nr«Bt nXl^SB ona be fiv^arablf 
•9a^ftrt4 %>i^  those ee the aeat trails and lever elresirtli 
•teels* ecpeeiia^ i f the vwlif'at faetier i e edeeiiered* 
i^ltftiae etreepth fer tteny eoriftderlair tteee le ie tlitt* 
eYeUeliikl.e* 
sieee aXtiwittlam hee a r>3Xati?9Xy low mXtiair 
pelelt about 1200^?t «ie preblese ot tteXtloir aod p»«riair 
ere trreately •i«i>l.lfiel whee mtmp^mA with «leeXe eei •»•« 
Irone* Frobleae with tartteee refraetsrlee eei •eeXdiat eftftde 
ere rediieed eC the lever peuriair teeperateree* 
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MeXting fumaoos fo aXumLaiuit nay bo h«at9d by 
oolld fuel , oiXs $ Ifcis ^^ eXootrloity aitd nay b« any of 
th« JtoXXewiajv | Oi-uolble furnaoefif raverbaratory fiirc^oaa* 
and iadttctioa fiiriiaeee# In ooXtan foundarlaa, •oXtlAir dovn 
and alloyliiff addition la often oarriad out la olX flrad 
rairarbaratory or omolbXe tiait8« or la low - frequaaoy 
Induotioa furaaoaa, aad tha siataX i s traoaforrad to haatad 
pota which aet as hoXdlo^ furaaoee* ladlraot haatla^ la 
praf farad to direct firiasr becnuae tha netaX pi oka ap ^aa 
aaeiXyt 
Tha dartre uaaalXy ooaaists of ^ to 70^ aorap and 
raat pra*aIloyed aXaaialua pig* 1!ha ^ar^a la aaXtad and 
heXd at a taaparatara 700^0 whUa tho low aaXtlan oataXa 
(2;iao« tin and Ma^oe8ian)are added aad stirrad in with aa 
iroQ rod* Whaa aaierAaaias la addadf It la XlabXa to burn and 
to praveat i t frott burnlair on tha sXair, It aaat ba puiliad 
boXow tha aurfaoa with an inverted perforated oup on the end 
of a atrlrrar fodt " a^ aeXt mat ba atlrred fron the bottoa 
apvard and oore should be taken to dlaturb the eurfaee aa 
Xlttle aa posalble*-Higher neltlmsf point netala (Coppert 
nlekel, SlXleon, aaf^ neee eta* ) are tiaually not added 
in the aolten alnainlaa in tha eleoental fora* Ihay are beat 
9. 
ft Ml tUi r jHilst ai08» «ft Wnmt 9t ^ # dmaie 9X«M»lt & » • 
f»r ift«t«is9«t ^ « M l t i t t i i^i^t »£ &l)ifii«l)tB is i^ s'^ Ot 
irhU« t^At #f fti««iiiia« * • i l i«oii hftrd«tt»r is st»9tt« 640*0f 
f f roastris «&atrel is sssttitis]. ift sl^Mstss mXtimf* 
mit&hl& m^tltm Hm^vm^m tw m ipsurti^ilar Is s i f t sf 
SftstiSf l i i ^ l i ^ ssstf fts fsr ss psssibist at tits l»«»s«l 
ts»9sriitttrs at i^isli tits ssstits s«s tm 7ii«» sXlsviiv s i r 
liabbJlst ssd i r tss to ssoai^f t^seaaas m p i i M i i i i f i s s t i s t 
f i f ss strdmr stti smioi s).a«i«itfM (mstiagrs* 
f&% wiis 4i£fisttltiss sx9sridftMl is tiis •.Isaisisa m 
• s l t i i ^ irsstiss sts i 
I f m s s i s f 
2» dfts s¥ssrpti»a« 
orossiti i s tiis f dft t i t i i t »£ slssisiss dxiM ssA 
•thsr sidMs lAtistat ffst oallsotsA »a ttis M i l s»r£sas* 
AlsiAsisa ai3.Qf • sssiljr rssst idtb valsr fsj^ ssvp sni stlwr 
i^iNistisa ^rsaasta* fbasf iross fonmtlsa osa bs ataialssi 
i f ^ s sbsfis is frotsetsd froa ooabastioa prsdssta aaA 
Hia as^tiat 9rs>«saa i s rapi i * as^mtisa of areas froa tUs 
asltsa astsl As9sais ss tits liffsrsaas ia tiMiir ss«ai£ia 
tjravitisat la s«ss sf ftlaaiaisat Hdvstsrt t^s ^ « tr« 
i i f fsfaii»sa ia vscf aasUi aai sspsratisa sf Arsaa i a m t 
snif« flia sxiaaa f i l a a iwa witli ths mlXn aaa £sraa 
alaaiaiaa sxlia iaaisaisaat i^aa Mtii^at a asrisaa tfatsria* 
^•2 l^fr^afjta^ S l^aligJl » 
:3xp9rlae»t8 w«r« carridd out to etudjf th« of feet 
of varLouft itiysiosX properties s£ tlie aouldiiftir saiidi oa 
various veortiaQioaX properties and ufiStiajF soasdaess* 
?ro» Up* (13) oae oaa ooaolude that, 
I) for a jfivea DOlstara coatantt teasiXs streairth 
iaoreasas MtXMa laor^siae io noi stare c^ateat to a 
oertaia extebt, r3a<^3 8 a aaxlaiua aad sbusequeatly 
deoreases ea further laorease la l^e aoiatas^ 
eoateat* 
11} fhe teaslle atrea^th attaiaa a aaxlwia vaLua around 
a 901 stare eoateat of 6^  for aXI the aolature ooateat 
studledf 
froa ?!)?• - (15 ) oae csa lafer that , 
1) for a gives aol stare eoateat, BrlaelX liardMss 8o* 
laereasea vlth iaoreaae la the aDlstare eoateat* 
reat^ea a •axlmo aad suhset^aeatljr deereaMa oa 
further laorease la the aolsture osateat* 
11) the BrlaeXI Hardaeaa HOf attalaa a aaxlHiB valaa 
around a aolsture content studledf 
gj i i iaf i>fftillif > 
?or a iplvaa aolsture ooateat, wlto iaereaai 
I. 
In tool stars content, o* stln" a nsity i!»r'^ daally iaoraawis 
as i^ owa IQ i^f'* l^ ff ranc^ iQs a maKlaousi aad Mtisaquontly 
daox^aaes* £h« iflir« also iadlLc&tds tbat th« oa«tiii(r 
dsasity Is aaxlwia at a aolsturo contoiit o£ 6^ for a l l 
the sol stare caataat aaployea^ 
A stutly sf fl/P* 16 iadioatas that the 
tensile strenfth Lnoreasss vlth iaorease la ureea 
peraeabiltty* Ihe ourva also shows aoae flaotuatioas ia 
the tensile streaeth « betwsen a pern^abllity raajsre of 
8 to 9«5t ^ e^ tensile stran^^ saea to inorease ooastantly* 
?roa tm ?lirr 1^ ooa can conolade ttiat 
the Briaell hardness No* iaci^&aas linearly with iaorease 
in ^reen peraaabilitiyf som fluotuatioas i s observed la 
the Brinell hardness between a peraeabiilty raa^e of 
7»5 to 9*5. 
Froa ?i^* 16 i t could be infer that 
with the Inerease in peraeabiilty, eastiftjtt deaslty iaereases 
gradually aad attains a aaxiaaa traltte at a irreeo 
peraeabiilty No* of 3»3 and sjbsequently deoreasas with 
further iaorease in i^ reea peraeabilllgf no* 
li'i 
fv9m flfft 17 l t « i ^ b« CDoelnaed tt^iat ^ « t«asiX« 
straa^tti isoraawis siffiultcQ^oualy viti3 iaordaa* in irz^«a 
hardness »&•» a t ta in a saxlauo at ^1 soald hardliMSft Ho* I t 
al«> obMrva that tenslXa stran^th ddcreasas with far ther 
iner«8tie la soaXd hardness Ho* 
?rt}« fifft I t o i e dbeer^rad ^"^t BrlnalX bardnsse 
nt>i. ineretiBBB at certain extent and readies a saxiiMi* 
at 46 Botild hardnees nOf and deoreasee vith farther 
inareaaa in aoald hardness Mot 
^MHM ;i?fftBl,taf f 
A etady of ^ii?* 17 indicates that the oaattair 
density inoreaaes vitkk Lnoreaee in Mould hardaess Mo** 
reaohea a aaxiaaa aroand a oouXd hardneaa ao» of 51 and 
deoreaaea wltfc fart ^r Inoreae® in aoald hardneaa lo* 
tij 
froB fir* 13 oae oa» infer that Mi« teasll^ 
stroafth Inoraases coatlnesusi^ to a o^rtaio •xt«ttt» 
attaiaa a oaxlma value around e oomprvssioa •trfliaiiftiii 9£ 
tO*B (ffv/ea ) X 100 for aXl the oospresaioa i^stren^tb 
stuaied and GRibse ueatXy deoreases vith farther ioorease 
la oompraesisB at re air th* 
M.ftffiU,,.faa^'aBffgB Ml 
FroB fifir 18 0B9 e n infer that the Brinell 
hardaeae Ho* inoreaaes «rraauelX; with inoreaae La 
eoBpreaeiOB atr«air^» reaohaa a aaxlaua at ooapressioa 
strea^'tli of 11*0 (cra/ea > x 100 aad aubaeqaeatly deoreaaea 
w l ^ further in ooapreselon streairth* 
A atudy of ?ii?f IB inllcatea that the oa8tla«r 
denatty Inoreaata vlt^ inoreaae in ^reen eoapreaaloa 
atranr^» attaiaa? a aaxiiKia value around a oo^^reaaioa 
atreairth of 10*8 iffu/Qm^) x 100 and aubaequently deoreaaea 
vith further inereaea La r^i^ aa ooapreaaioa atraafths, 
bu 
froa Fi|r« 19 i t can observe tuat the t«98il» 
etraairlto laezHiewis vith laortaso in oastinir density and 
itcersaaes cdntiauotasLy with further iaoreaaa ia 
oaetiBf deaaity* 
A atsiily of tfHift 19 Indicates that arinsll 
hardaeaa Ho* i?radaalXy inordagas in ca@tiajp density 
and furitMer iaoreaaa in oastinj? density« l»9ae fltaetuationa 
in the Brinall hardnaas Mo* arrivaa in between 2*6 to 
2*65 jv4/o*et 9t OAstinir density and farther inorease in 
oastinF density the Briaell hardness SOt iaoreaees 
oontiwtoaalyft 
sand aad Hgaiianioal i^ft»p»rti«a of aaa i t t i aa Csotiftga » 
l>ooat ar«3a arftsa ar t«a Oastlag $«» i l« artQ«IX 
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x-4 K -J a ».6 
' • - " • y O H ) : Ej^»c1l, o^ X « W - r . > ' * . l . . . '.^J. t.^ 
CuM,l, • . . . i>in** j !'<«>, . . .Jn/ .J 
IG.^  
«HNI %rhl(^  eaa f be trealttd as iadspeadoat variabi«s and 
thair effects ha\rs s dsflQits rolation^lps i'^ls rslatioa^ilp 
eao bs dasoribad aa^attatieally as t 
IQ the present study the effeots are takes to be the attributei 
of oastia^Sf llhese attrlbuttee aire s 
1} Briaell Hardaese Ho* 
2) fensile etreaiithf 
3) Castittir deasitf* 
fhe laependeat variables wnioh ooiild be treated 
as causes for the above TOntioned effeots are as followst 
1) Green pemeability Sot 
2) i'eroent asi stare caatents-
3) areen aould hardness Sot 
4) araen eonpreseioa strengtlie 
§) Qreea ehear stren«t^t 
6) Bulk ieasity of noulda 
I}evelopini? relati:a#iips between dependent 
variables individually with independent variables a* 
l i s ted above throuffa miltij^e refreesion tei^niqas a 
definets nathenatieal relat ion^ip i s possibls to bs 
adiievedf 
10-. 
ag|;&iitii.Miy.f.^,i mm^,^ xmWMMJ 
In lan^ oasts m'^&rni faotors af^ riilovast te 
]a9l#it &ni i t « i ^ t of art laiiviitual le a i f f t rea t a t diff«i%at 
Q^fmB aQd dlft9r9Qt f sr a ta and W9B@{|» aai • a t i i ^ td of 
w«ti9!li$ hBm& ^n iiateUt t mm and @SK will b« b«%t«r thaa ooa 
baaai sa ti«ipht alaae* m® re la t loa batwaaa taaai la a t rea i i^ 
and U9@k • v«XX hardiaaaa aaf Aafaaa Qm %hm aaaalty aa tii« 8p«« 
einaaa* F^r aaeti liar^aaaa iattiity a0sl»itiiiliaa tha taaaiXa 
straaflto wtXI irafy aiout a ear ta ia m^n* v« ara iataraat«d 
la a fsmtiXa t lv^a tha aaan far aae^ oottbti^tioaf A a la tAim 
Q&m of tha sia^Xa varlabX^t t^ i@ f^aaiaa that tha varlaaaa 
%rlXX ba tha miw» far aa#i a^abifiatiaa* 
Q»pp9m t&r «ica«|^9t wa ara iatftraatad la 
pr^aietlfif ir aad I«at %^ aa i X^  ba tli« iadapaBdaat 
variabXasr Asaaaa that tr«a iiaaer lyltif raXatiaaabtf t a af 
tha foraa* 
Ayaraira vaXna of f a B^ 4- B^ X^ • BgX^ 
If va aaaota tha aat iaata of th® B^ h^  t>. « fhao Xaaat 
•quaraa aat laataa ia f « b^ * fe^ X, • ^g Xg 
Vhara b^ ana b^ ara fouad froa tha foXXovioif a«t of tha 
aqttatioBt 
1GI> 
->! '^ » 
» 2 ) 
9 1 t c <^  
rtl&vetkt b,y sslvlfifr the f l r e t fs r b^ i s tensii of b - and 
»tjbiiUtutittP thlB 0xpr08sloa for b^ In tha seo^ndi or l^ y 
afliy 9tb«r withdd* la fcoiMtrf^ a. v;^  sit^ibt oaasider a r«,<?re8el9a 
aquation af tlite sort «VQQ airo /oXae ^f y • E • ^i^a *• • • • • 
• •••* B|j3L 
with esti^^td 
y • bo > Vv'bVa * ^ \ 
«h«r« b f^ bg bj^  art fauru ^' tho Gdluti»a of s Mt 
of K slnaltaaeoasly equation in £ uoknowa* for tc » 2 aai 3 
detaiiod txtrmottoa are ffi*@n in tn& table A aad 2abi.« 2 t 
r^jora are -aaiiy hypotheses viljii aiifht ba 
iatec i»tia# ia teatinir* t>at the aoat iaportaat aqaatioa l a 
trhatticr tha laa^riaciaaat ir^riablaa talcon aa awboia XaaA to 
aa laprovoaaat l a our abi l i ty to for caat Y 
lu o 
f^v i. » 2 this is 9 lalvslont td toetini ' tho hypftth«Mi« 
that ( ii^ » Bg ) « ( 0, 0 ) ltd* \raiu« af y « fl • Un 
re su l t s st^ b« arran^ciil iatd tablo belov 
/fiiiatiD© Hum or oqaare '^aprso af #r«9d3n H«ao squar* 
9tt« to r^freatil®!! »,«^ • b^Og a (U^c^+bgCg )/2 
^Ii9r9 e^ and e^ ^^9 dl9fin«4 In the eosputatlonaX tabl« 
ana "^ ( y^ - J^ ) i s tbtaiiMci b^ ^ subattaetiDn 
a«Veot tho hypt>ht«a*« that ( B^, -g ^ * ^ ^» ^ ^ ^* 
Vlhara ?^, 2, n • 3 I s tii« parwini =^ 9 poli t of tht i 
ai8»ributioa 
for iC • 5 to taat H, 1 ( B. , ii„ , 3 , ) • ( 0, 0, 0 ) arranura 
tha r&sulte into tabia piVA baXow t 
Variation wio of aqa^ra ia/rraa of frat ion aaaa aquara 
Oiia rojrraa&ioa b^«| • i>2«2 * S®5 ^ <^^«^+b202*^^5*5)/^ 
About reeraeslon ^ Cyr-// )^ n • 4 ? . (//-X ) / • - 4 
10' 
era 2. # .I,, IR1 3^ , '-.rs laflnQai la toe o:>3ipatatianal 
I t > 
n - 2 
tabi« B a a 4 ^ ( y^ - Jj^) l a :?btained by i s obtslotd bjr 
iubtrs.9ti9a • 
Eajaet th^ hypdth«ei» tihnt ( b^f ti^t i^^  ) « ( Ot Of 0 ) i f 
f • « . . • 1 , fciii.ih,.. «^ M,.,:i 
Where ? , 'in " i in tua i>er«3<3«tiai»« p^lttt of th© f 
dietrl&iiti&a 
? « bj f b,x^ ^ b^x. 
i!n3 eoxval •qaatioiid aft a^ re «rl^dit bdl^w 
^1^1 4. V 2 " '^ l 
a g j ':\y •<• S22**2 '^  '*^ 2 
tfiiiira 
( -1 *22 ' "^^ ^ «2i • *2 ^^ - ^ * 2 i - « «S 
11 JO 














• t 1 * S 2 ' ' 1 
*21 *^  *22 * ^2 
5t (2) - ir^g X (3 ) 0 ;«22 /«25 
«• (5) «m««a 0 1 ^22 
(7) n^ * ^25 
(9) % • ^ • >»1«1 • V 2 ^•Mbji 
Th« Qhaolc i6 atarUd with Xloe ? al l IU« opttfttldft frds 
lint 3 on sr9 |Nirf9r»9d !»ei th« irslii«8 In th« <^ «0ic ealaa* 
?9r oaoh l i s t th«ti th« ana 9t t^ ie dutriee ia all Iht asXitats 
iliioiild ^doK wite Ihft oatcy io tha ohttok oolaaii* 
l U J 








(1) to, b2 **3 * 
(3) ftg^ ^22 *23 ®2 
(4 ) (1) r@9«ftt«i a j ^ a^^ a^^ ©^ 
(5) (4) 4 i n « « « ^^^ / i ^2 '^'t^ '**14 
(6 ) (2) . V,2 E (4) 1 \?^2 ^ 3 ^14 
(7) (6) a i* ia«a liy ;ii22 ^ /«22 '**23 ^24 
(S) (3) - <f^ 5 « (4 ) - ?23 « (6) 0 1 ? j ^ f^ 
(9) (a) dtyl f l®! by yttj j 0 0 / i ^ ^ / i ^ 
0 0 1 ? . ^ 
^21 ^ ^22 * »23 * H 
»51 *^  »32 * *33 *^  ^ 
11 
(to) bj - ^^^ 
(11) ^2 - ^24 - 'Z^3 
C12) ^ -^4- Vl3- Vl2 
(13) ^i, - y - b ^ l , - b ^ 2 - b3% 
•3?h« eliiolc i s eiJaytaa wit:,i ilaa 4f AH too ojparatlotia 
fr^n Had 4 9a ar* i»«rftr«td uu i&m fidu^s i s tbo ofo«olc 
ooXiiVQt for «aeb Xl!ia» th9fl» liia sua ot tb« oftlrtoa la 
all thd O0la»ns letioaia stisok with iiis aulr^ ia l^a ohttic 
112 
Mlii&l^z if.g£Qi.^4?l,„4,f^ll4l.iii 
X- - Brlasl l HsransBs So« 
Kc «* P«ro«at Moisture Coattat^ 
Xg • Mouia riaran»»« »»• 
tj * Qr«9A 09«pr«ssi»ii stroagtii* 
Xg - Grg«n i^ear strongth* 
Xg • Balk density of Moald* 
11 
Qsitara s 
Aes'iSilar the r a l a t i d a s ^ i p to b« of folIowiiMr 
B 
^1 • ^ ^1 ^2 'S 
fatcia^ loff on hoth sides t 
in^is b«oosQ a llnaar dquation and kaovi&ir to ^ « vala* of 
th« 09«ffieloot« A( B, 0* B dta* ott@ dao (|av«iopd a 
ralatloasiilp bttvaea iepaadaat and i.nd[d!>«ad«at variablos* 
If t^ ( t w 1» 2t 2 ) i>9iaft dopdndoBt variables 
aa l isted aarliar and X^  ( i • t» to 6 ) bainir iadepaadaftt 
variabXast A taaltipXa ra i^frafisioa paokajft propraa as 
flvaa in appaadix (A) wna asad for tha foXloviapf eoabioata-
rial aata la ardar to idaatify tho baat a f i t a<|4atioa* 
T!h9 proj^ ra^ was rua for th@ f:>IlowiQ|f i^ldctioa 
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!2!!i« rdadits 9f OKaltlpIa rsffraesioaa aaalf s i s 
aro tatiui^tdd la ti^M.9 • 6$7 to ?•> ttie coobioatioa 
havlapF ntlti<->09*reiatl3a oasffioisali abovs 0*9 bavs 
baan ssXaotad* 
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C * J 
I ft th« f irs t phaai »£ tJiis work tki« •f£«ot of 
MiUlftr tlM da variaas liiyeteal 9rop«rti«s of Mouldliiir 
«aAd witiD th« vmriatlas ta ^ay eoaliaat aad Mlatiira 
oontast has iMBda staaiad aad tdo^ r^^ l t s hmw ba«a 
reported la taliaptar II* It h WHO £9ad thai tha aoiataro 
oaataat affaot«jid aor@ on Vfirioda sAiyeleaL propartiaa of 
aotiXdlQiir c»ad tiaa olay cootaat* 
A datntXad study of ^ o of foot of pdyaloaL 
propartioo of •oaldlo^ aaad oa eaetlair ooiaodaoaa paraao* 
tors hava ^«a axpariaaataXI^ etudlod* I t haa baaa ooaoXadad 
that a jBTivaa aoiatara coataot tha oeattaff aoaadaaaa paravot* 
or a iaoraaaoa at a cortaia oxtaat ^tenailo atraairtb aad 
BrlaoIX hardaaaa aaabor .^t lu- n ^laaa traXuo arouad a 
Boiatara eoatoat of 6^ aad 4^ reapaotivaly aad dooraaaoa 
with farthar taeroaaa la KOistvua odatoat ^ laaaiXa atroaffib 
aad BriaaXl hardttoas laoraaiwta ooaataatl|i with iaorasiaa 
la frooB porawabllity hat ^ a t l a t daaallaf laot^aaaa 
IpradaaXlyt attaiaa a aaxiatiB vaXaa at a uraaa paraaablXllgr 
BOt of 8ftS aadauhaaqaoatljr dooraaaaa with furtliar iaoraaaa 
io /gpraoa porsaabilil^* oreoa comprassloa atr^ag^ aad 
I'roott aoald hardaaaa aXao affaet t^o oaatiftf aouadaoas 
paraaetara bat It was fouad that t^a /^ raaa paraaablXl^ 
aad Bolatura oootaat are aore affaotiva oa oaatiait aoaadaoai 
paraaatara thaa irreaa ooaj^raasioa atroBfftii aad irroaa aoalA 
hfirdoaaa aa /vlvea froa f i^ra ( 13 ta 19 }• 
1- u 
fbrdtti^ saitlipl>@ imnn^smi^u Btmlitiw It MIS 
•diiaftft»Mi i^ afftH»%er with 1^ titkmm^ 1ft #r9«a ptif«»ftlilltly 
mwlb^r^ &1li«r« tantiii^ s&tisiie^se i^ si^ asHitdr aMffo »• BHUAXX 
liar3fM«0 il9ft ftiiA l«»^«il.e »tr«tirtli ar# idss sttftsitiy* vifb 111 
M«»ifivl||r of ^tfe«r ^mtM%«rtt urs «&i»il.ftt«i i s f«tol« 7*4it 
m»l»t9l ifdlfitidaablt a*t»i0F tlirdiii^ anli i j^s r«irr«»8l»« 
t«<ii<9iqii9 «ft« I £9ii«4 to ^ lMittis«tt t«ii8ll« •tr^attli «ft4t 
p«if«««t n^ltttiff* o^at^fttf iir««« #9sppa»®i9« t tr t t i rm «?« «« 
tiiOTSOS OtO?|05 
Xj • Of 3915 K^  Xy 
X^  • Mtistitrft eoftt*&t 
ftiis r»a.atiofi«hl9 l « Ml«ot«i 9« «b« b««i» 9t tbat 
«b« ¥&!«• of I^ltl«0»*r«iatt9ft edoffioUtt i t 9*99141 m 
•Axlwia VfCLtt* « • vaU. aa iha «raiaa s»f ataadarA arrar at 
rairraaalaa atatf iaUat Car aaiatai?* aaataat ia 0«dl^>8 a»i 
far 0m^m aaionraaaiaa atraaa^ la 0id474!^ a alalaas iralaa* 
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